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INDUSTRIAL TOUR— 
TEACHING TOOL 


BY MAITLAND SIMMONS 
IRVINGTON HIGH SCHOOL, IRVINGTON, N. J. 


Industrial tours take on more meaning if students are involved 
in planning and administration. Here student checks the roll. 


Your students will see and hear more about processes related 
to their classwork if you advise the tour director beforehand. 


Photos by Maitland Simmons 
Tour itself is only part of the learning experience. The stu- 
dent’s summary and evaluation relates tour to classroom work. 
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CIENCE teachers continually experiment with and eval- 
uate resources for learning. One of the most important 
of learning resources is the industrial tour. 

Educators agree that carefully selected industrial tours 
can play an important role in the learning process. Wher- 
ever possible, industrial tours should be considered as part 
of science courses, Hundreds of publications show that a 
well-planned trip is a most rewarding experience. Con- 
versely, if planning is inadequate, an industrial tour can 
degenerate into “just a day off.” 

Teachers and industrial tour directors are aware that a 
good tour can provide motivation, purposeful participation, 
basic knowledge, and acquaintance with working scientists. 
These are important outcomes for young people studying 
science. Science teachers sometimes neglect the “real world 
of science” beyond the classroom, at the risk of losing per- 
spective. 

There is abundant evidence that a close functional rela- 
tionship between school and industrial plants can enhance 
and update science learning. Science has grown so rapidly 
and changed so much in the last decade, that many of the 
texts now used as the basis for science courses are out- 
dated. We have only to look at the areas embraced by the 
guided missile, jet propulsion, electronic computers, anti- 
biotics, and petrochemicals to see the truth of this state- 
ment. Modern secondary school science courses are consid- 
erably enriched by an industrial tour. 

I would like to tell you how I plan and take trips with 
ninth and tenth grade academic students. These are the 
groups with which | have had the most direct experience. 

As a background for this report, I can offer a unique 
experience which greatly enhances my own perspective. The 
summer before last, I had the pleasure of seeing science in 
action. | saw modern equipment and the very latest devel- 
opments in research being applied at five Esso Standard 
manufacturing plants from Massachusetts to Louisiana. At 
that time, | was engaged as a consultant to do a field study 
of the plant tour programs at those installations. The pur- 
pose of the study was to strengthen the tie between Esso’s 
student tour program and the science classroom. 

(Continued on page 8-T) 











| Here’s ever yineng you need to demonstrate 


> POLARIZED LIGET 


Now you can teach the principles of polarized 
light the most effective way—by demonstration— 
with equipment that meets the requirements of 
C.C.S.S.0O. Purchase Guide Nos. 3265, 3270. 

Vivid, colorful demonstration that quickens 
student interest, speeds understanding. The Pio- 
neer Advanced Demonstrator (above) equips 
your Class with 10 polarizers, 12 additional demon- 
Stration accessories and a text, 
of Light” ... complete equipment and instructions 
for classroom demonstrations and individual ex- 
periments. Ask for Pioneer Advanced Demonstra- 
tor No. 61-2, only $29.50. 
pee use by small groups or individual students, 
Pioneer offers a basic set consisting 
of 2 polarizers; samples of mica, 
benzoic acid, and calcite; 
plus a step-by-step in- 


“The Polarization 







struction sheet. Pioneer 

nn , Basic Demon- 
5 Te strator No. 
a 61-1, $4.95. 








POLARIZATION OF LIGHT by Pro- 
fessor Hollis N. Todd, Rochester 
Institute of Technology, re- 
views the major theories of 
light with emphasis on polar- 
ization. Included with the Advanced and Table 
Top Demonstrators, it outlines many demonstra- 
tions and experiments that can be performed with 
both the Advanced and Basic Demonstrators. 
Catalog No. 61-10, $1.00. 


PIONEER also offers Table Top Demonstrators, for 
large classes and lecture halls; a self-contained Ver- 
tical Polariscope; plus the widest assortment of 
polarizing materials. Whatever your needs in 
polarizing equipment, look with confidence to 
Pioneer. WRITE for Catalog 61-11. 














SCIENTIFIC CORPORATION 


Subsidiary of Bausch & Lomb 
ROCHESTER 2, N. Y. 


Plastic Lenses, Polariscopes, Demonstrators 
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Using Science World in Your Teaching 


The Crack That Girdles the 
Earth (pp. 4-8) 


Earth Science Topics: The structure of 
the Earth, earthquake belts, the origin 
of mountain ranges, theory of conti- 
nental drift. 


Vocational Guidance: Oceanographer 


About This Article 

Challenger, Albatross, Meteor, Car- 
negie, Dana, Vema—these are names of 
some of the ships that have plied the 
seas for about a hundred years, feeling 
the ocean bottom, at first with 200- 
pound weights on stout hemp ropes, 
and more recently with electronic echo- 
sounding devices. From these explora- 
tions there is gradually emerging a 
“picture” of the broad plains and val- 
leys, the mountain ranges, and vawning 
canyons beneath the oceans. 

The present article deals with a singu- 
lar feature in this picture—an undersea 
mountain ridge that extends for some 
40,000 miles around the world, the 
ridge being cleft along most of its 
length by a deep canyon. Speculations, 
hypotheses, and theories to explain this 
startling feature of the Earth’s structure 
are considered in the article. Evidence 
for some of the hypotheses is marshalled 
from seismology, geography, and from 
studies in paleomagnetism. (The latter 
is a fascinating phenomenon in itself.) 
All in all, this article is bound to excite 
the wonder and imagination of your 
students. 


Questions for Class Reports and 
Discussion 


1. Contrast the early methods em- 
ployed in taking soundings of the sea 
with methods that have been developed 
more recently. 

2. Explain how the study of earth- 
quakes has revealed parts of the world- 
wide mid-ocean ridge. 

3. Using a world map, point out the 
geographic features in places where 
these features are continuous with the 
cleft in the great oceanic ridge. 

4, Present a hypothesis explaining 
the great oceanic ridge on the basis of 
continental drift. What supporting evi- 
dence can you present for this hypothe- 
sis? 

5. Present a hypothesis explaining 
the great oceanic ridge on the basis of 
an expanding Earth. What supporting 
evidence is there for this hypothesis? 

6. What is paleomagnetism? What 
do studies of paleomagnetism reveal 
concerning the position of the Earth’s 
magnetic poles? 
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Life at 5,000 Fathoms (pp. 9-12) 

Biology Topics: Microscopic organisms, 
ecology, evolution. 

Chemistry Topics: Compounds of car- 
bon (origin of natural hydrocarbons), 
anaerobic oxidation. 


About This Article 

Even more startling than the dis- 
covery of life in hot springs, in snow, 
in caves, and in other forbidding en- 
vironments is the account here of draw- 
ing life out of the ooze deep below 
the dark, cold, abyssal depths of the 
sea. The story carries the excitement of 
both field and laboratory research, deal- 
ing as it does with men in floating 
laborataries who “fish” with coring de- 
vices that extend deep into mud below 
the oceanic floor, and who incubate the 
bacteria they bring up under conditions 
that simulate the environment in which 
these bacteria occur. 

The article goes on to elaborate on 
the implications of the findings when 
applied to problems in such diverse 
fields as microbial physiology, petrol- 
ogy, marine ecology, and _ evolution. 
Throughout, the reader is led to ex- 
amine hypotheses and to learn how 
scientists evaluate and test them. 


Questions for Class Discussion 

1. Why had the existence of life at 
great depths long been questioned by 
authorities? 

2. Describe how life at great depths 
was first discovered. 

3. How did scientists explain the 
possible sources of food for creatures 
living at great depths? What was the 
weakness of their explanation? 

$. What hypothesis did Dr. ZoBell 
and Dr. Morita set out to test when 
they joined the crew of the Galathea? 

5. Describe the methods used to cul- 
ture bacteria brought up from the bot- 
tom of the sea. 

6. Explain how sea-bottom bacteria 
obtain their energy for life in the ab- 
sence of oxygen. 

7. Account for the existence of aero- 
bic bacteria deep in the ooze of the 
ocean floor. 

8. What part might ocean-floor bac- 
teria plav in the food chain of the 
sea? 

9. What relationship might there be 
between bacteria and gasoline? 


The Fuel Cell (pp. 13-16) 

Physics Topics: Voltaic cell, the Carnot 
Principle, Second Law of Thermo- 
dynamics. 


Chemistry Topics: Oxidation-reduction, 
surface chemistry, catalysis, exother- 
mic and endothermic reactions. 

Physics and Chemistry Topics: Electro- 
lytic conduction, atomic structure, 
electron transfer, ionization. 


About This Article 


If you are too voung to remember 
the old electric carriage—automobiles 
that ran on batteries—ask your father 
about them. In the days when gasoline- 
burning engines had to be cranked by 
hand, and when autos rattled along at 
the “speed” of 10 to 15 miles an hour, 
the clean, quiet, efficient electric car- 
riage was the aristocrat among vehicles. 
Such are the vicissitudes of history that 
this type of automobile may yet come 
back to replace the present gasoline- 
engine cars. The “heart” of the “new” 
automobile will probably be a fuel cell 
of the kind described in this article. 

In simplest terms, this cell is one in 
which a reductant—a substance such as 
hvdrogen that gives up electrons—and 
an oxidant—a substance such as oxygen 
that takes up electrons—are arranged in 
such a way that electrons flow from the 
reductant to the oxidant. The fuel cell 
differs from the conventional Voltaic 
cell in that the reacting substances in 
it do not consist of processed metals 
such as lead or zine, but cheap fuels 
such as vaporized gasoline or a mixture 
of gases obtained from heated coal. 

Although the author describes the 
development and the principles of a 
practical device, his article is suffused 
with basic “content” of tremendous 
theoretical interest in both physics and 
chemistry. 


Questions for Class Discussion 


1. Below is a list of scientists or 
engineers who have concerned them- 
selves with electric batteries. State spe- 
cifically what each has accomplished: 

(a) Sir Humphrey Davy, (b) Sir 
William Grove, (c) Dr. Karl Kardesch, 
(d) Thomas Edison, (e) Francis T. 
Bacon. 

2. Explain why energy from a fuel 
such as gasoline or coal can be obtained 
more efficiently by using the fuel in 
fuel cells rather than in gas engines. 

3. Contrast the chemical reaction of 
hydrogen gas with oxygen gas in a fuel 
cell with the reaction of these gases in 
a combustion engine. 

4. Explain why engineers seek to 
develop the fuel cell when we have 
fairly good batteries such as those used 
in automobiles. 

(Continued on page 4-T) 
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HOW STUDENTS LEARN 
ASTRONOMY WITH AN 
UNUSUAL NEW TELESCOPE 
DESIGNED FOR 
TEACHING! 
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All over the country, students are learn- 
ing astronomy the new way — with a 
unique telescope designed for teaching, 
the RV-6 DYNASCOPE, a 6” astronomical 
& terrestrial reflecting telescope. Already 
over 80 schools say it has changed the 
teaching of astronomy dramatically. 
‘“‘What a welcome relief not to be limited 
to wall charts and models any longer. 
Just having this telescope in the room 
heightens excitement and strengthens 
student interest and attention.”’ 
Before the dawn of the Space Age, 
teachers could rely on models, wall 
charts and photographs. But today’s 
students have seen the sound barrier 
crashed, rockets developed, satellites 
launched. We are so close to actual 
trips into space that students, quite 
naturally, demand an increasingly real- 
istic treatment of the subject. Now, with 
a telescope in the classroom, astronomy 
becomes strikingly meaningful and rele- 
vant to students. And what is relevant 
is remembered. 

SIMPLIFIES TEACHING 
Mail the coupon below for full details on 
how the DYNASCOPE RV-6 helps you 
achieve so much at any grade level. Here 
are the features you want when a telescope 
is for teaching : — 
@ Electrically Driven Equatorial Mount means 
you track objects easily — automatically ! 
You do not have to reset the telescope 
as the earth rotates. 
Setting Circles are essential when there is 
more than one instrument in a class. 
Allows each student to duplicate any set- 
ting selected by the teacher at once! 
®@ Rotating Tube enables adjustment of eye- 
piece position for comfortable viewing 
for all students — tall or short. 
A Lightweight, Fully Portable Instrument 
means you can take this telescope on field 
trips, set it up quickly, store it easily. 
To receive full free information on this new 
telescope designed especially for teaching, just 
complete the coupon below and mail it today. 
CRITERION MANUFACTURING CO. 
331 Church Street Hartford 1, Connecticut 


p-—- MAIL COUPON FOR FREE FOLDER-—— 














| Criterion Mfg. Co., Dept. TWD.-4 | 
| 331 Church St., Hartford 1, Conn. 

Please send me, without obligation, complete i 
| information on the DYNASCOPE RV-6 — your 
| 6-in. telescope designed especially for teaching. 
| Name | 
| School. | 
| Address | 
! City. Zone State l 
DR cnanedeiiiubaunnidditcieiaeamtnenenell 








Using Science World 


(Continued from page 3-T) 


5. A knowledge of surface chemistry 
(the reactions of substances at  sur- 
faces) can contribute to the develop- 
ment of the fuel cell. Explain this state- 
ment. 

6. Describe how a fuel cell might 
capture the sun’s energy and convert it 
into electricity. 


Today’s Scientists (p. 22) 
Dr. James Ebert 


Biology Topics: Embryonic develop- 
ment (animal), immunity (applica- 


tions of immunological methods), 
muscle proteins (actin and myosin). 

Vocational Guidance: Experimental em- 
bryologist 


About This Article 


Immunological methods make _pos- 
sible the detection of substances present 
in infinitesimal amounts and with a 
specificity of utmost refinement. These 
methods have been employed in identi- 
fying blood types, in detecting food 
adulterants, and even in establishing 
phylogenetic relationships among plants 
and animals. 

Here now is an account of immuno- 
logical methods being used experi- 
mental embryology to determine the 
time at which cells in a developing 
chick embryo differentiate into heart 
muscle. It would appear, from the evi- 
dence gathered, that in this case bio- 
chemical differentiation precedes histo- 
logical differentiation by some 18 hours. 
This shifts the problem of histological 
differentiation to the problem of bio- 
chemical differentiation. Perhaps the 


solution of one is the key to the solu- 
tion of the other. For the time being, 
both remain a challenge to the inge- 
nuity and resources of the experimental 
embryologist. 

The story of the man who is doing 
this work and who is facing this chal- 
lenge will inspire the gifted students in 
your biology classes. 


Tomorrow’s Scientists 
(pp. 23-26) 
Mary Sue Wilson— 
Resistance to Antibiotics 
With a class that has been initiated 
into the fundamental skills in culturing 


bacteria, Mary Sue’s report can be used 
by the biology teacher in the context of 


a wide variety of topics—growth of 
bacteria, antibiosis, genetics, and evo- 
lution. 


The salient feature of her report is 
the lucid description of how to set up a 
penicillin gradient in a petri dish of 
agar, for it suggests projects involving 
gradients of other substances—drugs, 
nutrients, enzymes, and the like. 


Joseph Golden—Linear Accelerator 

Joseph Golden’s clear and detailed 
description of the construction of his 
$40 accelerator can be of help to a 
class as an example of head and hand 
working together in the design and 
construction of a tool for investigatio., 
and experimentation. 

Students in physics classes might be 
referred to Joseph’s report in connectio 
with a variety of subjects in the physic 
course—the Van de Graaff electrostatic 
generator, nucleons, vacuum pumps, 
vacuum tubes, rectification circuits, and 
above all, safety instruction. 





Demonstrations andExperiments 


Nothing is more effective in stimu- 
lating interest and instilling an under- 
standing of scientific principles than a 
well-designed classroom demonstration. 
In this department, Science World 
presents modern demonstrations, mak- 
ing use of the latest techniques and 
materials. Each demonstration has been 
developed by science educators. Each 
is designed to supplement major articles 
appearing in Science World. 


Experiments With Auxin 

Prepare some pure agar (no nutrients 
added). Pure agar can be purchased in 
a drug store or from a scientific supply 
house. Plant oat seeds in the agar. 
When the seedlings germinate and pro- 
duce growing tips, cut off some tips and 


place them on small agar squares. 
Compare the growth of the decapitated 
seedlings with normal ones. Next place 
a tiny bit of the agar surface that was 
in contact with a decapitated tip on 
the top of a seedling that lacks its 
growing tip. Check its growth after a 
few days. The growth of the decapi- 
tated seedling will resume because 
auxin has diffused into the agar from 
the decapitated tip. Next, dissect and 
remove one half of the growing tip of 
another seedling by making a vertical 
cut and a horizontal cut. Observe the 
growth of this seedling. You can have 
students follow the steps in this and 
other experiments which led to the dis- 
covery of auxins. 
(Continued on page 6-T) 
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To help you guide the seniors 
who don’t go on to college 


A new solution to a serious guidance problem. The secret of get- 
ting ahead is planning ahead. For seniors in search of a career, 
it’s essential to know the pros and cons of an occupation before 
selecting it. But until now, visual guidance materials have been 
sorely lacking to help you counsel one large category of young 
men—the seniors who aren't able to go on to college. Career 
Reports is a new series of motion pictures created to fill this 
serious gap in the average vocational guidance program. 








f 





Vocational facts for high school graduates. Each Career Reports 
film describes an occupation for which a college degree is not 
ordinarily a prerequisite. (Vocations considered by the series 
include Motor Mechanics, Electronics, Metal Working, Construc- 
tion, Law Enforcement, etc.) The advantages and disadvan- 
tages of each field are presented clearly and objectively. Men 
actually on the job describe their work—and how they happened 
to get into it. Up-to-date facts are presented in an interesting, 
lively format—and the guidance counselor is suggested as a 
source of additional information and advice. 


Who sponsors this project? Career Reports is sponsored by the 
Department of the Army, with cooperation from the American 
Personnel and Guidance Association, and other recognized 
vocational authorities. 


What is the Army’s purpose? Each film in the series conveys a dis- 
tinct axiom: training is indispensable to success in any skilled 
occupation. Beginners can acquire this training in one of sev- 
eral ways—on the job (by means of formal or informal appren- 
ticeship), through a trade school or company training program, 
or in the Armed Services. The Army's purpose is achieved 
simply by being recognized as one of the possible ways in which 
a young man can secure essential vocational training. 





An early reservation is advisable. For the first time, a comprehen- 
sive guidance tool has been prepared specifically for high 
school graduates not able to go on to college. The Career 
Reports series is available (without charge) to teachers and 
guidance counselors in the United States. Reservations must 
be made early in order to incorporate Career Reports into your 
guidance program for the coming academic year. May we there- 
fore suggest that you mail the coupon today for free details. 





THE ADJUTANT GENERAL STW-12-10-60 
Department of the Army 

Washington 25, D. C. 

ATTN: AGSN 


I am interested in learning more about the Career Reports 
film series. Please send me a complete list of vocational 
titles, supplementary information and an order blank. 
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Using Science World 
(Continued from page 4-T) 


Fuel Cell 


First demonstrate the electrolysis of 
water with a Hoffman electrolysis appa- 
ratus using platinum electrodes. Use 
potassium hydroxide as the electrolyte 
in place of sulfuric acid. Test the col- 
lected gases (hydrogen and oxygen). 
Next, remove the stopcocks and _ place 
very fine tubes through the stopcock 
openings until they touch a platinum 
electrode. Bubble in the gases. Warn- 
ing: Hydrogen is explosive. Connect 
the terminals of the electrodes to a 
galvanometer or microammeter. Check 
for a tiny reading of current flow. Re- 
mind the class that better results are 
obtained when the electrodes used are 
hollow porous graphite with a catalyst, 
as described on pp. 13-16 in this issue 
of Science World. 


Tropisms and Cell Growth 


Grow green plants in a box with an 
opening for light on one side, to induce 
phototropism. When the plant has bent 
toward the light, remove cells from the 
side of the stem away from the light 
and from the side of the stem facing 
the light. Compare the sizes of the cells 
to observe the larger cells that grow 
on the side of the stem away from the 
light, where the auxin has migrated. 
As a control you might first measure 
the size of cells in the same part of the 
plant before you start the experiment. 

Next place a plant on its side and so 
cause the stem to grow vertically from 
the horizontal position, thus demon- 
strating negative geotropism. Again test 
the cells on the under side of the bend 
in the stem, and on the inside of the 
bend under the microscope. Which cells 
are larger? In this case it is believed 
that the auxin migrates by gravity. 


Bibliography on 
Fuel Cells 


For students interested in further re- 
search on fuel cells, the following ref- 
erences may prove fruitful—but tough! 
—reading: 

Baumgardner, F. M., “Observations 
on the Current Developments of the 
Bacon Oxygen Fuel Cell,” U. S. Army 
Engineer Research and Development 
Laboratories, Fort Belvoir, Virginia; 
July 1958. 

Roberts, Ralph, “The Fuel Cell 
Round Table,” Journal of the Electro- 
chemical Society, July 1958. 

Young, G. J., “Fuel Cells.” Mineral 
Industries, January 1958. 

Gorin, E. and Recht, H., “Fuel Cells,” 


Annual Meeting, American Society of 
Mechanical Engineers, December 1958. 

Alexander, L., Moos, A., Rapp, K., 
and Sommer, “Continuous Feed Fuel 
Cell System,” Patterson-Moos Division, 
Universal Winding Company, Wright 
Air Development Command _ (Ohio) 
Technical Report 57-605, September 
1957. 

Austin, Leonard G., “Fuel Cells,” 
Scientific American, October 1959. 

Stein, B. R., “Status Report on Fuel 
Cells,” ARO Report No. 1, June 1959, 
Office of Technical Services, United 
States Department of Commerce, Wash- 
ington 25, D. C. 

Bacon, F. T., and Forrest, J. S., “Re- 
cent Research in Great Britain on Fuel 
Cells,” Transactions of the Fifth World 
Power Conference; Vienna, 1956, Vol. 
15, pp. 5, 395-7, 412; 1957. 

Baars, Ernst G., Chairman, “Sym- 
posium on Fuel Cells,” Proceedings 12th 
Annual Battery Research and Develop- 
ment Conference, pp. 2-17, May 21-22, 
1958. 

Kortuem, G., and Bockris, J. O'M., 
“Textbook of Electrochemistry,” Else- 
vier Publishing Co., 1951. 





Correction 


The September 28, 1960, issue of 
Science Teacher's World, under the 
heading “Reports from Curriculum 
Study Groups,” carried a report describ- 
ing the work being done by the group 
producing materials for the Chemical 
Bonds Curriculum. The first two para- 
graphs of the report contain several 
errors of fact for which Dr. M. Kent 
Wilson, over whose name the report 
appeared, is in no way responsible. 
The errors were made without Dr. 
Wilson’s knowledge in a somewhat re- 
grettable attempt to provide additional 
background data. A corrected version 
of the two paragraphs follows: 

The Chemical Bond Approach 
Course (CBAC) for beginning chemis- 
try students grew out of two confer- 
ences held by science educators in 1957 
and 1958. The first of these, sponsored 
by the Crown Zellerbach Corporation, 
was held at Reed College, Portland, 
Oregon, in the summer of 1957. Some 
members of the 1957 group met again 
at Wesleyan University, Middletown, 
Conn., during the following summer. 
At that time, plans were made for a 
writing team to meet at Reed College 
in the summer of 1959. The writing 
team at Reed produced the first draft 
of the Chemical Bonds Approach 
Course. The course, in form of text and 
laboratory manual, was used for the 
first time on an experimental basis in 
about a dozen high schools and col- 


leges during the 1959-60 academic 
vear. 

This summer four institutes spon- 
sored by the National Science Founda- 
tion were held—one at Brown Univer- 
sity, Providence, R. I.; one at Reed 
College; one at Kenyon College, Gam- 
bier, Ohio; and one at the University 
of Florida, Gainesville, Fla.—for teach- 
ers interested in using this approach 
to the teaching of chemistry. A further 
grant from the NSF will enable a trial 
of the second version of the laboratory 
manual and text material to be made 
in about 70 schools. Roughly 6,000 
students will be involved in this second 


trial vear. 





“The Big Bounce” Is 
Film on Project Echo 


The United States’ recent space com- 
munications experiment, Project Echo, 
is the subject of a 14-minute documen- 
tary film just released by the Bell Tele- 
phone Company. 

The film, in Technicolor, is entitled 
The Big Bounce. It shows how scien- 
tists, on August 6, made the first tele- 
phone call via a man-made satellite, and 
describes possible future television and 
telephone satellite systems. 

Project Echo, under the sponsorship 
of the National Aeronautics and Space 
Administration, proved that communi- 
cation by satellite may be practical over 
great distances. The historical Echo 
telephone call, between California and 
New Jersey, was made possible by 
bouncing the voice signals off a 100-foot 
balioon satellite as it passed over the 
United States a thousand miles high. 
Scenes from the film include launching 
of the satellite by missile from Cape 
Canaveral and the actual experiment 
conducted by Bell Telephone Labora- 
tories scientists in Holmdell, N. J., and 
members of the Jet Propulsion Labora- 
tory in Goldstone, Calif. The sending 
and receiving of a message from Presi- 
dent Eisenhower is also shown. 

The film also describes two world- 
wide satellite communications systems 
of tomorrow. One of these, recently out- 
lined by the Bell System, involves an 
array of about 50 equipped satellites 
which may some day orbit the Earth at 
an altitude of about 3,000 miles. 

Altogether, The Big Bounce is a 
well-documented on-the-spot report on 
the drama of America’s space research 
in communications. 

Showings of the film can be arranged 
without charge by calling your local 
Bell Telephone Company business office. 
It is available to schools, clubs, church 
groups and other organizations. 
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industrial Tour 
(Continued from page 1-T) 


A successful science tour begins be- 
fore you meet your classes. It begins at 
professional meetings, at community 
and civic activities. It begins when you 
read professional journals. From these 
sources One discovers the industries in 
the school community. Here one finds 
the people most interested in helping 
youngsters see the application of sci- 
ence principles. | make it a point to 
meet company executives and tour di- 
rectors to discuss generally what they 
can offer for our science curriculum. 
This is something any teacher can do 
by learning to know the people and re- 
sources of the community. 

A specific tour is a joint teacher-stu- 
dent-industry activity. These are steps 
I take during the advanced planning 
for a trip. 


Planning the Tour 


1. Identify the Science Principles. 
Decide which principles can best be 
handled by an industrial tour. Remem- 
ber, an excessive number of tours can 
be burdensome for everyone concerned. 
But there are many places in the cur- 
riculum where a tour is the resource of 
choice to provide the learning outcomes 
desired. For example, when we con- 
sider distillation I make it a point to 
visit the Esso refinery nearby. Here 
students can see distillation in opera- 
tion. A refinery tour at this point can 
bring an importance to the subject of 
distillation that I could not accomplish 
alone in the classroom. 

2. Survey the Calendars. Check pos- 
sible dates for your tour that will corre- 
late with classwork. Pick a time which 
avoids holidays, student events, religious 
celebrations, and schoolwide _ testing 
programs. Write to the industrial cor- 
poration involved requesting three al- 
ternate dates suitable for your class. 
In the first letter, I also indicate that I 
plan to contact the tour director to 
give him more specific information on 
our purposes for visiting. Where pos- 
sible, I allow two or three weeks for 
planning and organizing a trip. A writ- 
ten request is submitted to the school 
administrator for his clearance. (Your 
principal will be more sympathetic to- 
ward field trips if you provide time for 
him to plan for the hiring of qualified 
substitutes or for rearranging teacher 
time to cover classes.) With respect to 
this, I generally plan trips for after- 
noons, so that students will miss fewer 
classes. Two o’clock to four o'clock is 
an ideal time in my experience. 

3. Visit the Plant in Question. [be- 
come aware of what the trip can offer. 


Meet the tour director. A meeting with 
the tour director enables him to learn 
something of the background of the 
students and the purposes of the trip. 
It allows the teacher time to identify 
important elements of the physical sit- 
uation that will help make the tour an 
effective experience for the students. 

4. Prepare and Arrange Lessons. 
Thus students will have sufficient back- 
ground prior to the day of the visit. 
Students will be able to ask better 
questions and observe more intelligently 
if this is done. Textbook assignments 
and outside readings should be given 
to cover subject matter that will be 
taken up on the tour. 

5. Distribute and Collect Parental 
Consent Slips. It is an absolute neces- 
sity that every child have parent con- 
sent in writing prior to going on any 
trip. 

6. Prepare Four Lists of Names. One 
is sent to the tour director and one to 
the school principal. I retain one copy 
and give one copy to the student who 
takes roll call at different times on the 
trip. The tour director can use his list 
to call some of the students by name. 

7. Record Preparations for the Trip. 
I encourage a student photographer to 
do this. The student photographer can 
also take pictures at the plant and on 
following days. A picture story of the 
experience makes an attractive bulletin 
board display or can be used for local 
publicity purposes. 

8. Arrange for Transportation. Most 
school systems provide funds for ex- 
cursions. A number of the larger in- 
dustries furnish a bus, but this is not 
a general rule. In planning private 
transportation, the teacher should be 
aware of the liability involved should 
there be an accident en route. Check 
with the transportation officials to see 
that their company is covered by liabil- 
ity insurance. Sometimes parents are 
willing to provide transportation if the 
trip involves only a short distance from 
the school community. 

9. Give Each Student an Assignment. 
Some can help arrange transportation, 
others take pictures, still others are 
responsible for questions. By assigning 
each student a specific responsibility I 
find that control and learning on a trip 
are greatly enhanced. 

10. Discuss Details of Conduct and 
Safety. Do this with your students dur- 
ing the planning period preceding the 
trip. Emphasize to the students that 
they represent their school and that the 
whole school will be judged by their 
conduct and interest. 

11. Discuss Appropriate Dress. For 
most tours, it’s important to emphasize 
low heels for the girls because a good 
deal of walking is involved. All boys 


should wear ties and jackets. Dress up! 

12. Review Purposes and Specific 
Questions. This should be done the day 
before the trip. Announce the meeting 
time and emphasize the rule that late 
comers will not go with the group. 

13. Assemble the Group on Trip 
Day. Check attendance. See that stu- 
dents have pads and pencils for note 
taking. 

You're on your way! 

At the industrial plant, assemble your 
group outside the building and go in to 
meet the tour director. From then on 
the activity depends upon his plan. The 
teacher’s obligation to keep the group 
together and interested continues 
throughout the trip, however. Immedi- 
ately following the tour, a student rep- 
resenting the group should thank the 
tour director and industry representa- 
tives present. 

Following the tour, I have two stu- 
dents prepare a letter of appreciation 
from the class. The letter includes any 
specific suggestions or comments that 
have arisen from a class discussion of 
the activity. Each student is asked to 
evaluate the trip by preparing a report 
that includes: 

(a) Major purposes of the trip. 

(b) Information received. 

(c) Evaluation of the trip. 

Samples of these student evaluations 
may be sent to the tour director for his 
information. 

The learning results of the tour are 
measured in the regular classroom test- 
ing activity. I make it a point to include 
questions about things seen and dis- 
cussed on the trip in subsequent tests. 

And that’s—How I Do It! 


The Tour Director Looks at 
Industrial Tours 


By Christofer R. Vagts 
Esso Standard 


We at Esso welcome tour groups 
from secondary schools and_ science 
classes. Hundreds of such groups visit 
our refineries each year. While we face 
many of the problems discussed by Mr. 
Simmons, there are unique problems 
posed by a school visit to an oil re- 
finery. 

You never see oil at the refinery. It 
streams through 300 or more miles of 
pipes, massive structures, and towering 
cylinders. Neither raw material nor fin- 
ished product can ever be seen by the 
visitor. The processing units operate at 
high temperatures between 850°F. and 
950°F. This means there is no safe way 
to observe what is going on directly. 
We must rely, therefore, on providing 
an over-all impression of the size and 


(Continued on page 10-T) 
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Chick embryo less than 24 hours old. 


thick embryo 36 hours old, 
fal heart.appears as a tube 
me embryo's right-center. 


Section through the heart of a 16-day-old chick 
embryo shows characteristic structure of heart muscle. 
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Communication—A Two Way Process 


By this time—after three issues—you know that 
Science World is your magazine. Each issue, the 
editors communicate with you by keeping you in 
touch with the frontier research of working scien- 
tists all over the world and by providing you with 
a chance to put your knowledge of science con- 
cepts to work. Then, because Science World is a 
magazine for Tomorrow’s Scientists—you, that is— 
we keep you in touch with the work of others of 
tomorrow’s scientists and give you starters for your 
own projects. 

But communication is a two-way process. Com- 
munications scientists talk about “feedback,” a re- 
turning signal. Why not complete the flow of 
communications and provide us with some “feed- 
back”? Let us know what you think about your 
magazine and some of the big problems of science 
today. 











THE CRACK THAT GIRDLES | : 


By RICHARD STARNES aro 


THE EARTH | ; 


A rift in a world-wide undersea mountain range may be evidence that the Earth is expanding | Wt 
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IDDEN beneath the seas, a 

mountain range as large as all 
the continents winds for 40,000 miles, 
girdliing the Earth almost twice 
around. This great ridge is split 
down most of its length by a canyon 
or rift a mile or more deep. Earth- 
quakes in this crack, and _ rocks 
dredged up from it, indicate that the 


crack is constantly growing wider. 
As it widens, new material from the 
Earth’s mantle comes up from below 
the crust to fill the gap. 

Scientists have known for only 
two or three years that this under- 
sea mountain range and its central 
rift are continuous world-wide fea- 
tures. Parts of the ridge were dis- 


5 


covered many years ago, however. 

The first section came to light in 
1873, when the British research ves- 
sel Challenger sailed back and forth 
across the Atlantic Ocean, taking 
samples of water, of marine life, and 
of the ocean bottom. Every 100 miles 
the ship stopped, and sailors spent 
hours lowering a 200-pound weight 


While making the sketches for this map of the bottom of the North Atlantic, Miss Marie Tharp discovered the rift in the Mid- 
Atlantic Ridge. Rift runs from 30 degrees west longitude at top of right page, to 45 degrees west longitude at bottom of left page. 


Bruce C 


Heezen and Marie Tharp, Lamont Geological Observatory 
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Photo from Bruce €. Heezen, Lamont Geclogical Obsetviticy 
The ridge and rift come ashore in many 
places. In the North Atlantic, the rift 
crosses Iceland in a great depression 
known to be slowly growing wider. Photo 


shows active tension crack in this zone. 





to the bottom and pulling it back 
aboard. By measuring the length of 
rope paid out, they learned the 
depth at each location. 

It seemed reasonable to expect 
the deepest parts of the ocean to be 
in the middle, but the Challenger 
soundings showed that a wide ridge 
extended down the center of the 
Atlantic. On either side of the ridge, 
about a third of the way across from 
each shore, the Challenger found 
broad, deep troughs. The soundings 
were so far apart that they did not 
show whether the ridge was a smooth 
plateau or a mountain range. 

Soon geologists were developing 
theories to explain the ridge. The 
most widely accepted theory was 
based upon the fact that, on the 
map, the coasts of South America 
and Africa look as though they 
would fit together like two pieces of 
a jigsaw puzzle. Some geologists 
thought that perhaps the continents 
were once all one great continent 
that had broken into large masses 
which drifted slowly apart. The Mid- 
Atlantic Ridge may have been ma- 
terial left behind by the edges of 
the continents as they drifted apart. 
Or perhaps the ridge was composed 
of sediments that had settled in the 
big crack left as the continents split 
apart. These sediments could have 
risen up later to form the ridge, just 
as mountains made of sedimentary 
rock had risen up on the continents. 


Earthquakes—the Clue 


Around 1900, Alexander Agassiz 
of Harvard University, on the Ameri- 
can research ship Albatross, found a 
ridge in the Pacific off the coast of 
Central Mexico. It was named the 
Albatross Plateau. Agassiz’s depth 
measurements, like those of the 
Challenger, were too widely spaced 


to show whether the ridge was 
mountainous. 
Echo-sounding instruments for 


measuring depth were developed 
during the 1920's. They enabled 
scientists to piece together the first 
detailed picture of the ocean bottom. 
These devices send a high frequency 
sound down into the water. Then 
they record the time it takes for an 
echo to bounce back from the bot- 
tom. Since it is known how fast 
sound travels through water, it is 
easy to calculate depth from the 
time interval. Today improved echo 


sounders record depth automatically, 
By taking continuous soundings, 
they can draw a profile of the bot. 
tom on a moving strip of graph 
paper. 

The German research ship Meteor 
used echo sounders extensively for 
the first time in 1925, 1926, and 1927 
in the South Atlantic. It was found 
that the Mid-Atlantic Ridge is reall) 
a rugged mountain range, with 
underwater peaks as high as some of 
the greatest mountains on land. The 
American vessel Carnegie employed 


echo sounders in 1929 to learn that | 


the Albatross Plateau in the Pacific 
is also mountainous. 

At about the same time, echo 
soundings taken by the Danish ves- 
sel Dana indicated a jagged under- 
sea mountain range running north 
and south in the western Indian 
Ocean. It was named the Carlsberg 
Ridge. Until 1956 these three great 
ridges were thought to be entirely 
separate features. 

Strangely enough, the study of 
earthquakes provided the clue that 
connected these ridges and _ led 
oceanographers to discover much of 
the remainder of the world-wide 
mid-ocean ridge. 

A century ago the only knowledge 
of earthquakes came from quake- 
devastated areas. Seismographs- 
instruments to detect, record, and 
pinpoint far distant earthquakes 
and crustal movements—were _ in- 
vented late in the nineteenth cen- 
tury. 

These sensitive instruments are 
usually mounted on concrete pillars 
set into the bed rock, in vaults dug 
deep into the Earth. A seismograph 
can detect Earth tremors that started 
hundreds or thousands of miles 
away. Every earthquake sends out 
several kinds of waves. These travel 
at different speeds. The difference 
in the time it takes each different 
type of wave to reach the seismo- 
graph is compared. The seismologist 
who operates the apparatus thus 
can estimate the distance from the 
earthquake to the seismograph. He 
cannot locate its direction with much 
accuracy, however. So, using his 
seismograph as a center point, he 
draws on the map a circle having a 
radius equal to the estimated dis- 
tance from the earthquake. Seismol- 
ogists at other stations perform the 
same calculation. The point where 
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the circles drawn at three or more 
stations intersect is the “epicenter”— 
the place where the earthquake be- 
gan. 

By the early 1900's, seismograph 
networks in Europe and North 
America had discovered that earth- 
quakes occur frequently down the 
middle of the Atlantic. In fact, 
this earthquake belt coincided with 
the Mid-Atlantic Ridge. As seismo- 
graphic technique became more re- 
fined, seismologists realized that the 
earthquake belt was a narrow strip 
down the center of the 1,200-mile- 
wide ridge. Could it be that the cen- 
ter of the ridge was made up of ac- 
tive volcanoes? 

Earthquake waves showed that 
the ridge was not made of sediments 
or any of the other material left be- 
hind by continents. The crustal rocks 
of the continents are relatively light. 
Earthquake waves travel through 
these rocks more slowly than through 
the heavier, denser, and much more 
rigid material under the continents. 
Seismographs had shown that earth- 
quake waves travel through the Mid- 
Atlantic Ridge at much _ higher 
speeds than through the continents. 
Thus, geologists had to give up the 
idea that the ridge was an aban- 
doned fragment of the continents, or 
was sedimentary material laid down 
in a crack. The rock of the ridge 
was much too dense for that. 


Discovering the Ridge 


In 1953 Dr. Bruce C. Heezen and 
Miss Marie Tharp of the Lamont 
Geological Observatory of Columbia 
University in New York were using 
hundreds of echo-sounding profiles 
to draw a detailed diagram of the 
bottom of the North Atlantic (see 
pages 4,5). One day Miss Tharp ex- 
citedly reported to Dr. Heezen that 
her preliminary drawings showed a 
huge crack in the center of the Mid- 
Atlantic Ridge, where the undersea 
mountain range was highest. At first 
he thought the drawing was inaccu- 
rate. When he and Miss Tharp care- 
fully checked the profiles, there was 
no question about it. The ridge con- 
tained a crack 8 to 30 miles wide, 
averaging more than 6,000 feet deep, 
measured from the tops of the moun- 
tains. It coincided with the Mid- 
Atlantic earthquake epicenter belt. 

During the past 20 or 30 years, 
seismographs had been set up in 
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Science World graphic 


Under. the seas and over the land, the mid-ocean rift runs for 40,000 miles. Green 
line shows rift’s location on the bottom of all oceans and its projections on continents. 


many parts of the world, and reports 
of undersea earthquakes had become 
common. Dr. Heezen and Dr. Mau- 
rice Ewing, director of the Lamont 
Observatory, began checking under- 
sea earthquake locations throughout 
the world. By 1956, they had mapped 
a continuous 40,000-mile-long earth- 
quake belt under all the oceans. 

The earthquake belt ran through 
the middle of both the Carlsberg 
Ridge and the Albatross Plateau. So, 
in 1956, Dr. Ewing and Dr. Heezen 
made the bold prediction that the 
three great ridges were simply seg- 
ments of an Earth-girdling undersea 
ridge and rift all along the earth- 
quake belt. Since then, research ves- 
sels have been seeking the ridge and 
rift along the earthquake belt. 

Last winter the Lamont Observa- 
tory’s ship Vema discovered off 
Africa the segment of the ridge that 
connects the South Atlantic Ridge 
with the Carlsberg Ridge. Later the 
Vema detected the mountain range 
and its canyon along the earthquake 
belt south of New Zealand. 

A ship from the Scripps Institu- 
tion of Oceanography in California 
found the same structure along the 
epicenter chain between Easter 
Island and Southern Chile. In the 
Arctic, the atomic submarines Nau- 
tilus and Skate took soundings on 
their trips under the North Polar ice 
cap. These indicate that the ridge 
and rift pass several hundred miles 
south of the pole. But the profiles 
made by the submarines were too 
scattered to prove that the ridge is 
a continuous structure in the Arctic. 


Where did this great Earth-gird- 
ling structure come from? Why do 
so many earthquakes take place in 
it? Some help in answering these 
questions comes from comparing the 
mid-ocean ridge and rift with fea- 
tures visible on the continents. 

Although lava has been dredged 
up from the ridge, it does not seem 
to be a line of volcanic peaks. Vol- 
canic mountain ranges do not have 
a rift down the center. Similarly, the 
Rocky Mountains, the Alps, the 
Alleghenies and other continental 
ranges, with one exception, display 
no continuous rift. The Grand Can- 
yon in Arizona looks something like 
the undersea rift, but the fast-mov- 
ing Colorado River cut the canyon 
out of sedimentary rock. No under- 
sea current could have carved the 
mid-ocean rift. 


Winds Around Earth 

The ridge and rift come ashore at 
several significant places, however. 
The most revealing is in Africa. 
From the Carlsberg Ridge, the ridge 
extends west into the Arabian Sea. 
Then the rift comes up the narrow, 
crack-like Gulf of Aden, which has 
high walls at its western end. There 
the oceanic canyon joins the great 
East African Rift Mountains. 

This range was quite puzzling to 
geologists when explorers discovered 
it about 60 years ago. It had a great 
crack down the center. The rift looks 
as if tension had been applied to 
stretch the crust of the Earth until 
it had burst at a seam. A profile 
across the African Rift Mountains 








looks almost exactly like a profile of 
the Mid-Atlantic Ridge. 

No other mountain range has this 
appearance. Indeed, the Rockies, the 
Alps and most other continental 
mountains appear to have resulted 
not from tension or stretching but 
from squeezing or compression. 

The mid-ocean rift also connects 
with the crack-like Red Sea and 
through it with the Palestine rift, 
which contains the Jordan River and 
the Dead Sea. In the Pacific, the 
rift meets the Gulf of California, 
which runs into the San Andreas 
Fault of California. That fault does 
not appear to be a tension crack. 
Rather it is a result of the two edges 
of the crack slipping along each 
other. In the North Atlantic, the rift 
crosses Iceland through a depression 
where all of Iceland’s earthquakes 
occur. This depression is growing 
slowly wider, and it contains many 
smaller and highly active tension 
cracks. 

Dr. Heezen and others believe 
that one way to explain the mid- 
ocean rift is to assume that the Earth 
is expanding. Other geologists, in- 
cluding Dr. Ewing, disagree strongly 
with the startling suggestion. 


Expanding Earth 


In support of the expanding-Earth 
hypothesis, Dr. Heezen points out 
that 25 years ago the British mathe- 
matician P.A.M. Dirac suggested, 
for entirely different reasons, that 
the force of gravity in the universe 
may be growing weaker with time. 
This weakened force would allow 
the Earth to expand. Several physi- 
cists who study the Earth have re- 
cently observed that “phase changes” 
of the material within the Earth 
could also have caused the Earth to 
grow. 

A phase is a state of matter that 
is physically distinct from other 
states. If a substance, say carbon 
dioxide, goes through successive 
changes of phase—from solid to 
liquid to gas—in each state the 
molecules are more active and have 
more space in which to move. Thus, 
diamond, a phase of carbon that is 
hard and dense, takes up less space 
than graphite, which is a compara- 
tively soft phase of carbon, 

Irregularities in the motion of the 
Earth could have caused the internal 
material to change from a dense 





phase to a more expanded one— 
causing the whole Earth to swell. 

Dr. Heezen finds further support 
for the expanding-Earth theory from 
the rather new field of geology 
known as_ paleomagnetism. This 
study is based upon the fact that 
rocks contain small amounts of iron 
and other minerals which are mag- 
netized. When sediments or volcanic 
materials are first laid down, these 
magnetic particles, like tiny com- 
passes, are oriented so that they point 
toward the North Pole. The tiny 
compasses are trapped when the 
sediments turn into rock, and cannot 
be reoriented even if the rock is 
moved. 

Geologists have found that the 
magnetic fields within older and un- 
disturbed rocks in North America, 
for example, make it appear that the 
North Magnetic Pole was once in 
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Science World graphic 
Mid-ocean ridge may be explained by 
convection currents. Currents in mantle 
would move continents and raise ridge. 


Siberia. Very long ago, the pole 
seems to have been in the Central 
Pacific. Rocks in India, on the other 
hand, indicate that the Pole was 
once on the northern coast of South 
America and “wandered” to its pres- 
ent position by coming up the Carib- 
bean Sea and across the United 
States and Canada. The most ancient 
rocks in Australia point to a North 
Magnetic Pole in North Africa, just 
south of Spain. Obviously, the Earth 
could not have had several different 
North Magnetic Poles in widely 
scattered locations. One explanation 
seems to be that the continents, and 
not the Pole, did the wandering. 
Dr. Heezen says that 3% billion 
years ago, when the crust of the 
Earth solidified, the Earth may have 








been much smaller and completely 
covered with one continental mass. 
If the Earth had expanded, the con- 
tinent would have come apart. The 
fragments would have separated in 
the manner of dots painted on a 
balloon when the balloon is blown 
up. That is why the mid-ocean rift 
is found on all sides of the major 
continents. The ridge would have 
been built up by semi-molten ma- 
terial from within the Earth bub- 
bling out through the widening 
crack. The many earthquakes in the 
rift show that the process is still 
going on. 


Currents in the Earth 

Dr. Ewing offers a different expla- 
nation of the mid-ocean ridge and 
rift. It is believed that the plastic ma- 
terial inside the Earth moves slowly, 
over millions of years, in great ellip- 
tical convection currents, flowing 
out sideways and subsiding again. 
These currents of heated material 
could very well rise up just under 
the ridge. They would then move 
sideways under the crust. 

In the Atlantic, for example, one 
current would move east toward 
Europe and Africa, and the other 
current west toward North and 
South America. This movement 
would tear open the ocean bottom. 
The rising current would force ma- 
terial out through the resulting crack, 
building the mountains of the mid- 
ocean ridge. Furthermore, when the 
currents pressed against the under- 
side of the continents before sinking 
down, they would squeeze the conti- 
nents, folding and cracking the sedi- 
mentary material to make mountains. 

Dr. Ewing’s theory thus accounts 
for the mountains under the sea and 
for the mountains of the continents. 
It ignores paleomagnetism and _ the 
“wandering” North Magnetic Pole, 
but Dr. Ewing and some _ other 
geologists do not believe that paleo- 
magnetism is sufficiently reliable to 
be of much value at present. 

Whatever the explanation may 
finally turn out to be, the study of 
the mid-ocean ridge and rift has al- 
ready stimulated much new research 
under the sea. It is also making 
geologists and other scientists re- 
consider some of the oldest and most 
cherished theories about the origin 
and structure of the continents and 
the ocean bottom. 
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Life 
at 
5,000 


Fathoms 


By WILLIAM RICHARDS 


The Danish ship Galathea was 
hove to in the western Pacific. The 
nearest land was six miles, straight 
down—the floor of the Philippine 
Trench. Aboard the ship all normal 
activities had been halted. The tense 
quiet on deck was broken only by the 
hum and clack of a trawling winch 
as it hauled in miles of thin wire 
that trailed from the after deck of 
the Galathea. At the end of the wire 
was a specially designed coring de- 
vice, filled with a sample of mud 
from the floor of the ocean. 

The Galathea was no ordinary 
ship, and the mud hauled from the 
floor of the Philippine Trench was 
not ordinary mud. The Galathea had 
once been a naval vessel. Now she 
was a seagoing laboratory—a float- 
ing oceanographic research station 
owned by the Danish government. 
The refitted hold of the ship was 
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Photo from Dr. Richard Y. Morita 


Bacteria in electron micrograph were cultured from deep sea sediments. In 
the laboratory they are grown under a pressure of 700 atmospheres at 5° C. 


crammed with equipment for the 
collection and analysis of scientific 
data gathered during deep sea ex- 
ploration. 

On deck, impatiently watching the 
miles of wet shining wire, was an 
international scientific team—ocea- 
nographers from Denmark, Sweden, 
and the United States. The excite- 
ment was shared by officers and 
crew. They had been waiting more 
than two hours for the muddy prize 
at the end of the line. This was the 
first sample of mud from a record- 
breaking depth. The day, July 15, 
1951, was a historic one in modern 
science. 

Dr. Claude E. ZoBell, one of the 
scientists pressed against the rail, 
later said, “Many questions raced 
through the minds or were on the 
lips of the fortunate few who first 
saw this mud sample: What is its 
chemical composition? Is there any 
evidence of life in the bottom mud?” 


The question of life was especially 
challenging. Its existence at the bot- 
tom of a deep trench had long been 
questioned by many authorities. In a 
trench the water circulation might 
be nonexistent, or so slow that there 
might be no free oxygen to support 
life. In addition to the possible lack 
of oxygen, this region was one of 
continual darkness, extreme cold, 
alleged lack of food, and tremendous 
pressure. The pressure of sea water 
increases at the rate of 0.445 pounds 
per square inch for every foot of 
depth. Could life exist in such an in- 
hospitable environment? One might 
as well look for life in a vacuum or 
in fire. 

Research had already discovered 
much about this environment. Scien- 
tists descending in bathyspheres had 
found that visible light penetrated 
only to 1,500 feet below the surface. 
Sensitive photometers have meas- 
ured faint light at 6,000 feet. Below 
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this level, the instruments available 
to science could detect no light. 

Long before the Galathea brought 
up its historic sample of mud, ani- 
mals had been found in dredge and 
trawl hauls from great depths. Then 
in 1860 an underwater cable linking 
Italy and Africa was raised for re- 
pairs. The cable was found en- 
crusted with marine organisms. Here 
was evidence that could not be 
brushed aside. The cable had cer- 
tainly rested on the sea floor, and 
the creatures were firmly attached to 
the cable. The science of deep sea 
biology was born. 


A Young Science 

Like all young sciences, deep sea 
biology was first concerned with the 
collection and classification of speci- 
mens. By classifying specimens, sci- 
entists identify them and give them 
a name, so they can be identified by 
other scientists. But the classification 
of specimens by structure and func- 
tion also helps scientists to under- 


stand how species are related to each 
other and their environment. 
Scientists soon began to ask ques- 
tions. The floor of the ocean is a 
region of tremendous pressures. For 
example, at six miles the pressure is 
more than 25,000 pounds per square 
inch. How were these creatures en- 
abled to withstand pressures of such 
magnitude? Where did these crea- 
tures obtain their food—and how? 
The life process requires energy. 
What were the sources of energy? 
Although clues to the answers were 
lacking, a simple hypothesis sug- 
gested a source of available energy. 
Plant life (algae) growing abun- 
dantly near the surface of the seas, 
where light is available for photo- 
synthesis, serves as food for surface 
creatures. These, in turn, are food 
for other creatures. Thus remains of 
dead creatures and wastes of living 
creatures fall continually toward the 
bottom. There these materials may 
serve as the food supply of deep sea 
organisms. Also, myriads of shrimp- 


Bacteria from deep sea sediment must be grown under pressure. Hydraulic pump was 
used to place bacteria under pressure of 1,000 atmospheres (about 15,000 Ibs. /in.?). 































Photo from Dr. Claude E. ZoBell 









like animals are found at all depths, 
These, too, play a role in the food 
cycle. The ocean has been compared 
to a restaurant with the kitchen op 
the roof and the dining room in the 
basement. 

It was believed, however, that 
most of these carcasses were cor, ™ 
sumed near the surface. Thus a link 
appeared to be missing in the food 
chain of bottom-dwelling creatures, 

Two American bacteriologists 
aboard the Galathea thought they 
had a clue to what this missing link 
might be. Dr. Claude E. ZoBell and 
Dr. Richard Y. Morita of the Scripps 
Institution of Oceanography at the 
University of California knew that 
bacteria grow abundantly in the sea, 
though mostly studied in the shallow f 
waters surrounding the continents, he 
They also knew that bacteria are the 
food of many mud-eating marine 
animals. Hypothesis: Bacteria also 
















serve as the food of many deep _ 
dwelling marine creatures. - 
There was one catch in this hypoth on 
esis. Bacteria living on the Earth's ba 
surface are unable to live under pres- 
sure. Could it be that some species ts 
of bacteria are adapted to the great lev 
pressures at the floor of the ocean? oth 
ste 

if . atn 

Testing a Hypothesis ae 

The hypothesis could be tested in san 
only one way. When the coring de} =U 
vice brought its historic sample tof 
the surface, the sample was carefully sol 


and quickly taken to the laboratory} 


in the hold. Any delay might change I 
the sample’s composition. Delicately, -, 
small portions were removed with Fin 
sterile instruments to avoid contami- ant 
nation. The remainder was stored, Th 
under temperature and pressure con- j clo 
ditions duplicating the ocean floor} = Exe 
environment. a 
Thin films of the mud were spread hig 
on microscope slides. When magn 
fied one thousand diameters, small 
bodies became visible. Under the 
microscope they were no larger tha 
the period at the end of this ser 
tence. But it could be seen that some| 
of the small bodies were curved; | 
others were straight. These were| 
bacteria, without a doubt. 
But were the bacteria alive? One 
scientist after another studied the 
tiny forms of plant life under the wh, 
microscope. There was no evidenc€f four 
of life. For a moment a mood of de forn 
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In photo above, Dr. Richard Y. Morita uses microrespirometer 
he developed to measure respiration rate of marine bacteria. 


pression prevailed. The bacteria 
might be an accumulation of dead 
or possibly fossil forms. But there 
was still another test—culturing the 
bacteria in the laboratory. 

Samples of the bacteria-containing 
mud were incubated—some at sea 
level pressure and_ temperature, 
others at a temperature of 3°C. in 
steel cylinders at a pressure of 1,000 
atmospheres—an environment similar 
to that on the ocean floor where the 
samples had been taken. The same 
nutrient solution, with slight varia- 
tions, was added to all samples. This 
solution consisted of sea water, de- 
composed protein, and yeast extract. 

For two weeks the incubation went 
on, while the scientists speculated. 
Finally the pressure was released 
and the steel cylinders were opened. 
The nutrient solution had become 
cloudy—evidence of bacterial growth. 
Examination under the microscope 
confirmed that the bacteria in the 
high pressure samples had _repro- 
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duced in great numbers. From 10 to 
100 times more bacteria had devel- 
oped at 1,000 atmospheres and near 
freezing temperatures, than at sea 
level pressure and temperature. 

Here was the first direct evidence 
that bacteria under tremendous pres- 
sure and low temperature were 
physiologically active. 

But in science experimental proof 
of a hypothesis raises further ques- 
tions. A fundamental question was 
this: Where did the bacteria get 
energy for growth and reproduction? 


Molecular Energy for Life 

Besides bacteria which, like ani- 
mals, use organic substances such as 
proteins for food, there are others, 
like plants, which can utilize inor- 
ganic substances (such as nitrogen 
or hydrogen sulfide) in their growth 
processes. The fundamental distinc- 
tion between plant-like bacteria and 
plants themselves is this: These bac- 
teria derive their energy from the 
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When bacteria from deep sea sediments were examined under microscope, scientists 
found all forms of bacteria. These are shown in drawings above. Spiral and flagellate 
forms at left, are spirilla. Spheres are cocci. Bacilli, at right, show terminal spores. 
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Scripps Institution of Oceanography photos 


Dr. Claude E. ZoBell is shown examining a bottle of the type 
used to collect sea water samples for bacteriological analysis. 


chemical reactions of inorganic com- 
pounds, rather than from sunlight. 
In these chemical reactions, the bind- 
ing energy in the molecules is set 
free. Thus the energy is made avail- 
able for use by the bacteria in their 
life processes. 

We know these events take place 
from our study of terrestrial bacteria. 
Is the process different with bacteria 
on the floor of the sea? One way to 
track down the answer was to dupli- 
cate in the laboratory the environ- 
ment of the ocean floor. 

Since 1951 Dr. ZoBell and Dr. 
Morita have been studying the chem- 
ical reactions of these bacteria in the 
laboratory under cold and pressure. 
Step by step they have perfected 
their techniques until now they are 
able to duplicate the physical en- 
vironment of the ocean floor. But 
duplication of the physical environ- 
ment was not enough. Two types of 
pressure vessels were required. One 
type contained air. The other type 
excluded air. Some types of bacteria 
(aerobic bacteria) need free oxygen 
to maintain their life processes. 
Others (anaerobic bacteria) are 
“poisoned” by free oxygen. 

Dr. ZoBell and Dr. Morita were 
surprised to find that the mud of the 
deep ocean floor contained more 
aerobic than anaerobic bacteria. This 
posed another question. We know 
that dissolved air containing oxygen 
is not evenly distributed throughout 
sea water. The oxygen content is 
greatest at the surface. Then the con- 
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tent drops sharply. At 1,500 feet the 
oxygen content is least. The content 
then increases slowly with depth, 
but the oxygen content never be- 
comes as great as it is on the surface. 

Where, then, did the aerobic bac- 
teria get their oxygen? Dr. ZoBell 
and Dr. Morita found that bottom 
clay contained substances that could 
be decomposed by the bacteria to 
release free oxygen. 


New Evidence Accumulates 


Other questions immediately pre- 
sented themselves. The mud brought 
up in the cores is estimated to be 
more than a million years old. Have 
the bacteria been acting on these de- 
posits for more than a million years? 
Or are the bacteria merely dormant— 
in a state of suspended animation? 

Dr. ZoBell and Dr. Morita hypoth- 
esize, on evidence available to them, 
that the bacteria are in a state of 
slow, continuous activity. 

These deep-sea bacteria are be- 
lieved to serve as an important source 
of food for bottom-dwelling animals. 
These include crustaceans, shellfish, 
worms, and sea cucumbers. The only 
other source of nutrients for these 





creatures is the scanty supply of or- 
ganic substances reaching them from 
the photosynthetic zone. 

But new evidence is always accu- 
mulating. Last month new research 
with deep sea bacteria was reported. 
This suggested that the bacteria in 
ocean sediments are merely dormant. 
Cores of bottom sediment taken 20 
to 30 feet below the floor of the sea 
were found to contain living bac- 
teria. The core samples were taken 
at a depth of 1,500 feet off Labrador 
by scientists aboard the Vema, Co- 
lumbia University’s three-masted re- 
search vessel. The Vema returned re- 
cently from a year-long, 40,600-mile, 
round-the-world research cruise. 

Dr. F. Ronald Hayes of Dalhousie 
University, Halifax, Nova Scotia, was 
the senior bacteriologist aboard the 
Vema. Dr. Hayes told Science World 
that the bacteria cultured aboard 
the Vema were aerobic. Dr. Hayes 
said that the absence of oxygen in 
sediments at a depth of 20 feet sug- 
gests that these aerobic bacteria may 
exist as spores for a long time. 

Spores are bacteria in a form which 
enables them to endure unfavorable 
conditions, Bacterial spores turn into 


The mystery of the bottom. This photo was taken at a depth of 1860 feet. What crea- 
tures live in the holes? How are they adapted to depths of the sea? What do they eat? 


Woods Hole Oceanographic Institution photo 











growing, reproducing bacteria when | 
conditions become favorable. In their 
state of dormancy, almost no energy 
is used. As spores, the bacteria are in 
a state of “equilibrium”—a stagnant 
condition in which the energy ex. | 
pended is almost equal to the energy 
available, at a very slow rate. 

These bacteria play a role in the 
food chain of marine animals. By dis. 
integration of all living material that 
has fallen to the bottom, they re. 
lease nutrients. These, through the 
slow water circulation, eventually 
rise to the layers where photosyn- 
thesis takes place. 

Photosynthesis takes place in the 


upper layers of the sea, where visible 


light penetrates to supply the energy 


plants need to convert non-living car- } 


bon dioxide and water to carbohy- 
drates (see Science World, Sept. 26, 


1960, pp. 10-13). But just as land 


plants utilize minerals from the soil 
in addition to carbon dioxide and 
water—so the free floating plants of 
the sea utilize the nitrate and phos- 
phate compounds released when ma- 
rine bacteria decompose dead plant 
and animal tissue. Thus, in a sense, 
the bacteria of the depths may fer- 
tilize the pastures of the sea. 


Bacteria and Geology 

Dr. Hayes also suggested that 
these bacteria may be important in 
bringing about geological changes. 
Using organic substances as_ their 
energy source, and working in the 
absence of oxygen, they may bridge 
the gap between new sediments and 
those containing natural gas and 
petroleum. This possibility is now 
being investigated in laboratories. 

Thus one aspect of how petroleum 
originated from carkon deposits laid 
down millions of years ago may 
eventually be solved. It may be that 
the bacteria are responsible for turn- 
ing carbon deposits into hydrocar- 
bons (petroleum). If this can be 
demonstrated in the laboratory, we 
may have a new method for locating 
hitherto unknown deposits of oil. 

Thus the energy cycle of life that 
exists in the cold depths of the sea, 
beyond the reach of sunlight and 
under tremendous pressure, may be 
more than a source of food for ani- 
mals that live in the depths. It may 
be the key to an energy source 
locked in sediment millions of years 
ago. 
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By SIMON DRESNER 


WENTY-EIGHT years ago a Brit- 
ish scientist named Francis T. 
Bacon decided to build an extremely 
powerful electric battery—one that 
would rival a large generator as a 
source of electric power. Twelve 
years later Bacon had barely suc- 
ceeded in obtaining a trickle of cur- 
rent from his revolutionary battery, 
which he called a “fuel cell.” Thir- 
teen years more were to pass before 
he could reasonably claim success in 
his quest. In 1957 the scientist 
gained world-wide renown when he 
demonstrated that his fuel cell could 
generate more than 1,000 watts of 
electrical power—hundreds of times 
more power than other types of 
chemical batteries. A 28-year search 
had been crowned with success. 
The fuel cell was first conceived 
by Sir Humphrey Davy, the famous 
British chemist. He was then study- 
ing the electrolysis of water, in 
which water is broken down into 
hydrogen and oxygen by an electric 
current. Davy reasoned that if an 
electric current can break down wa- 
ter into hydrogen and oxygen, then 
he should be able to generate elec- 
tricity when the two elements com- 
bine to form water. He proposed 
such a cell—using nitric acid (HNO; ) 
and carbon (C )—some 150 years ago. 
In 1839 the English scientist Sir 
William Grove constructed a chem- 
ical cell or battery in which the re- 
action of oxygen with hydrogen to 
form water was used to generate an 
electric current. Fifty years later, in 
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THE FUEL CELL 
... CHEMICAL 
POWER PLANT 


the same country, two chemists de- 
veloped a similar type of device 
which they called a fuel cell. 

About 1870 engineers seriously 
began to consider electricity as a 
source of power—to turn the wheels 


of trolleys and trucks, and to move 
the machinery of industry. But at 
that time the inefficient chemical 
battery was the only practical source 
of electricity. Then in 1885 the ro- 
tating mechanical electrical genera- 





Westinghouse photo 
Fuel cell being tested inside furnace uses carbon fuel and oxygen gas to generate 
electricity. Gas bottle in background provides oxygen, meter registers current. 
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tor was developed. This generator, 
which could easily be coupled to the 
shaft of a steam engine, produced 
electricity from burning coal or 
wood. The mechanical generator 
proved so practical that for the next 
40 years scientists did not put much 
effort toward devising more power- 
ful chemical sources of electricity. 

Why, then, are today’s scientists 
exerting so much effort toward the 
development of a super-battery, or 
fuel cell? 


Limits on Fuel Efficiency 


The answer lies in the fact that 
we obtain most of our energy from 
the chemical bonds in coal, petrole- 
um, and natural gas—energy stored 
in these fossil fuels by the sun mil- 
lions of years ago. When we burn 


these fuels to put their chemical 
energy to work, we throw most of 
the energy away. When coal is 


burned to power a steam engine or 
turbine which whirls a generator, 
less than half of the heat energy 
released by the burning coal is 
changed into electrical power. The 
rest is thrown away and wasted. By 
contrast, in a chemical battery, all 
the chemical energy of the fuel can 
theoretically be used. 

Why is so much energy wasted 
when heat is converted to electricity? 
The answer lies in one of the basic 
laws of physics—the second law of 





thermodynamics. This law states that 
when a gas (such as steam) expands 
and cools, the amount of work which 
the expanding gas can achieve de- 
pends on the temperature of the gas, 
before and after expansion. This law 
puts a limit on the efficiency of all 
engines which use the heat energy 
of expanding gases, such as steam 
or gasoline combustion vapors, to 
produce mechanical work. 

All such mechanical heat engines 
take in fuel at high temperature and 
release it at low temperature into 
the atmosphere. In doing so, they 
convert the loss of heat into another 
form of energy—mechanical motion. 
But the heat energy is never com- 
pletely converted into mechanical 
energy. The amount of heat energy 
which is converted into mechanical 
energy is determined by the tem- 
perature of the burning fuel and the 
temperature of the exhausted fuel. 

These two temperatures determine 
the maximum efficiency which can 
be expected from any engine which 
operates on heat energy. The maxi- 
mum efficiency can easily be calcu- 
lated from a simple formula devel- 
oped early in the nineteenth century 
by the French physicist Sadi Carnot: 
the Carnot efficiency is equal to the 
difference between the input and 
output temperatures divided by the 
input temperature. In this formula, 
the temperatures are measured in 
degrees C. above absolute zero; that 


Allis-Chalmers photo 


Propane gas in tank powers fuel cells in engine space of electrically driven tractor. 








is, absolute temperature of the gas, 

The formula gives the maximum 
efficiency to be expected from any 
heat engine, no matter how perfect 
its design and construction. In prac. 
tice, heat engines never attain their 
theoretical Carnot efficiency; some 
energy is always wasted in the form 
of lost heat, friction, and other losses, 
For example, a steam engine which 
takes in heat in the form of steam 
at 200°C. or 473° absolute, and dis. 
charges its exhaust at 20°C., or 293° 
absolute, cannot have an efficiency 
greater than 38 per cent: (473-293) 
473. Modern generating plants ap. 
proach this maximum efficiency. 

Unlike heat engines, fuel cells are 
not limited by the maximum efficien- 
cy imposed by the Carnot formula 
and the second law of thermodynam- 
ics. Fuel cells, since they convert 
chemical energy directly into elec. 
trical energy, can theoretically con- 
vert 100 per cent of their chemical 
energy into electrical energy. How- 
ever, the most that scientists expect 
to achieve is 75 cer cent efficiency. 
In contrast, the most modern steam- 
turbine generators cannot achieve 
an efficiency greater than 35-40 per 
cent. 





How Fuel Cell Works 

What is a fuel cell? The ordinary 
Hashlight battery could be called a 
fuel cell, since it converts chemical 
energy directly into electricity. But 
flashlight batteries use the zinc of 
the battery case as fuel. This makes 
it very expensive as a large source 
of electric power. 

To understand how a fuel cel 
works let us take a look at one ol 
the simplest fuel cells yet devised- 
one in which the fuels hydrogen and 
oxygen combine to produce an elec- 
tric current and water. As_ ever) 
chemistry student knows, hydrogen 
and oxygen react chemically and ref 
lease heat (burning) to produce wa 
ter. However, if you mix hydrogen 
gas with oxygen gas at room temper: 
ature and at normal atmospheric 
pressure, nothing will happen. At 
about 500°C., however, a mixture 0 
oxygen and hydrogen gas in the cor 
rect proportions will combine e« 
plosively, so that their chemical er 
ergy is converted violently into heat 
energy. 

But a violent explosion which re 
leases heat does not create useful} 
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Hydrogen-oxygen fuel cell has two porous carbon electrodes 
in solution of potassium hydroxide. Hydrogen enters electrode 


electricity. How can electricity be 
extracted from the reaction of the 
two gases? 

The designers of the hydrogen- 
oxygen (hydrox) fuel cell believed 
it could be done. They knew that in 
the hydrogen-oxygen reaction, the 
electron of each hydrogen atom 
must be transferred to the outer 
orbit of an oxygen atom—and when- 
ever an electron moves, there is an 
electric current. Instead of allowing 
the electrons to transfer directly from 
the hydrogen atoms to the oxygen 
atoms, the fuel cell designers had 
to design the cell so that the elec- 
trons traveled along a wire from the 
negative terminal of the cell to the 
positive terminal. This flow of elec- 
trons would constitute an electric 
current. 

The designers also wanted to slow 
down the explosive reaction, so that 
the chemical energy of the reaction 
would not be converted into heat 
immediately, but instead would be 
carried by the flow of electrons. 

The problem was clear, but what 
was the solution? One of the sim- 
plest solutions was discovered by 
Dr. Karl Kordesch of the National 
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Carbon Company. He used two hol- 
low porous carbon electrodes sepa- 
rated by a solution of sodium hy- 
droxide or potassium hydroxide. 
Hydrogen gas is introduced into one 
hollow carbon electrode, the cell’s 
negative terminal. 


Chemistry of the Cell 


The gas diffuses through the po- 
rous carbon until it reaches the sur- 
face of the electrode and comes in 
contact with the hydroxide solution. 
The molecules of hydrogen gas (Hz) 
break down into individual hydrogen 
atoms (H*) with the help of a 
catalyst, such as platinum or nickel, 
imbedded in the surface of the elec- 
trode. Upon contact with the solu- 
tion, the hydrogen atoms (H*) react 
with the hydroxyl ions (OH—) to 
form water, and in the process sur- 
render some electrons to the carbon 
electrode. The water becomes part 
of the hydroxide electrolyte. But the 
electrons surrendered to the negative 
electrode flow through the wires of 
the external circuit to the positive 
electrode of the fuel cell. This flow 
of electrons constitutes the electrical 
output of the cell. 


Science World graphic 


on left, oxygen on right. Gases diffuse through carbon, react to 
form water and liberate electrons which flow through circuit. 


On the positive side of the cell, 
oxygen gas molecules (Oz) also 
diffuse through a second hollow 
porous carbon electrode. At the sur- 
face of this electrode the molecules 
are split into individual oxygen 
atoms (O-~), again with the help of 
a catalyst. The oxygen atoms com- 
bine with the electrons coming 
through the circuit from the negative 
electrode and with water in the elec- 
trolyte to form hydroxyl ions (OH—). 
The hydroxyl ions complete the flow 
of electrical charges by migrating 
through the solution to the hydrogen 
electrode. The electrochemical reac- 
tions which take place in the fuel 
cell can be written as: 


Cathode (positive ): 


2e- + O-- + H.O ~20H 


Anode (negative): 


2H* + 2OH- ~2H20 + 2e- 


Cell reaction: 


2H, + O. >2H20 


Although such a fuel cell sounds 
simple, don’t try to build one from 
this description, because it won't 
work. The chemical equations above 
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are correct, but they may not nec- 
essarily take place. The heart of any 
fuel cell is the area on the electrodes 
where the fuel contacts the electro- 
lyte. It is there, along the surface 
of the electrodes, that the atoms of 
hydrogen and those in the electro- 
lyte are induced to combine and 
exchange electrons, with the help of 
a catalyst. Unless the electrode is 
correctly designed, the reaction will 
not take place, or it will take place 
very slowly and inefficiently. A half- 
dozen different types of electrodes 
for the hydrogen-oxygen fuel cell 
have already been developed using 
compositions of carbon, nickel, plati- 
num, silver, and lithium. 

There are many types of fuel cells 
now under study, but all of them 
make use of at least two fuels—an 
oxidant and a reductant. A fuel is 
called an oxidant if it is the one 
which accepts electrons in the reac- 
tion, while the other fuel, which 
donates the electrons, is called the 
reductant. Some of the oxidants now 
in use in fuel cells include oxygen, 
the mixture of elements in air, and 
chlorine. Some of the reductants be- 
ing studied include hydrogen, car- 
bon monoxide, natural gas, methane, 
ethane, coal, formaldehyde, alcohol, 
zinc, and magnesium. 











General Electric graphic 
Section of hydrogen-oxygen fuel cell 
using plastic membrane to aid reaction. 





The hydrogen-oxygen fuel cell is 
so far the only one which can de- 
velop large amounts of power— 
enough to take care of the electric 
power requirements of the average 
home. But pure hydrogen is an ex- 
pensive and dangerous fuel. If it is 
accidentally mixed with air, a tiny 
spark can set off a tremendous ex- 
plosion. 


Power of the Future 


But if hydrogen could be obtained 
cheaply and used safely, the hydro- 
gen-oxygen fuel cell would be prac- 
tical. Scientists of the Stanford Re- 
search Institute, Stanford, Calif., 
have developed a process by which 
sunlight can be used to decompose 
water into hydrogen and oxygen—a 
process known as solar photolysis. 
When the process is perfected, hy- 
drogen and oxygen generated by 
sunlight could be used to power 
fuel cells. 

Fuel cells may someday be as 
common as electric batteries are to- 
day. But for this to come about, they 
will have to burn cheap fuels such 
as natural gas, vaporized gasoline, 
or the mixture of gases obtained 
from heated coal. (Fossil fuels can 
be converted to carbon monoxide 
gas, CO, which can be used in a 


« 





fuel cell.) However, fuels from oil, 
gas, and coal do not react easily with 
oxygen unless the temperature js 
raised to 500°C. or higher. The prob. 
lem is to design a fuel cell which 
operates on cheap fossil fuels and 
works as well as does the hydrogen 
cell. 

Last year scientists at the Allis. 
Chalmers Company developed a fuel 
cell which runs on propane gas, 
By connecting 1,008 cells together 
and installing them in the engine 
space of a farm tractor with electric. 
ally powered wheels, the cells gen- 
erated enough electric power to run 
the tractor. 

Fuel cells may someday replace 
the internal combustion gasoline en- 
gine in automobiles. A small engine 
made up of a fuel cell and an elec- 
tric motor could be coupled to each 
wheel, thus eliminating the usual 
transmission. Such an automobile 
would burn gasoline or even cheaper 
natural gas or propane, and it would 
operate smoothly, silently, and with- 
out polluting the air. Fuel cells could 
also be used to power submarines, 
which could cruise quietly for long 
periods without surfacing, like nu- 
clear submarines. When these devel- 
opments come to pass, the fuel cell 
will be here to stay. 


General Electric photo 


Hydrogen gas in balloon marked “‘H,,”” and oxygen from air power membrane-type 
fuel cell diagrammed at left. Gases react to form water, electricity to spin propeller. 
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The Processes of Science 


















































By THEODORE BENJAMIN 


Making observations is one thing, but 
being able to interpret observations on 
the basis of scientific principles, is quite 
another. For example, you may have 
seen motion pictures of a chimney fall- 
ing (figure above). You will note that 
as it topples, the chimney breaks into 
three large parts. Why? 

Here are some problems that you can 
try for yourself. The observations are 
given. You give the why. 

1. Partly fill a jar with water. In a 
darkened room place a lighted flashlight 
behind the jar as shown in figure below. 
Add milk, drop by drop to the water 
as you look through the jar at the flash- 
light beam. Stir the mixture constantly. 
The flashlight beam will appear to be 
reddish-yellow in color, while if you 
look through the side of the glass, the 
liquid will appear blue. Why? 










2. Completely fill a rectangular gal- 
lon tin can with water. Attach about 
6 feet of rubber hose to a short glass 
tube. Insert the glass tube into a one- 
hole rubber stopper so that it protrudes 
about an inch below the bottom of the 
stopper. Fill the hose completely with 
water and insert the stopper into the 
can. Place the can on a window ledge 
and allow the free end of the hose to 
dangle out the window, as shown in fig- 
ure below. The can will slowly collapse. 
Why? 




















WINDOW 
LEDGE 
GLASS TUBE 
——| 
4 be 
a HOSE FILLED 
WITH 
q WATER 
6 ft. 
RECTAN a | . | 
GALLON CAN 
FILLED WI TER 


3. Ina darkened room shine the beam 
of a flashlight on a color photograph in 
a magazine. Note the brillance of the 
red and yellow colors. Cover the lens 
of the flashlight with several layers of 
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tissue until you can barely see objects 
by its light in the darkened room. Ex- 
amine the photograph using this light. 
The greens and blues now seem bright- 
er. Why? 

4. Partly fill a jar with Canada bal- 
sam (used for cementing cover slips to 
slides). Dip a solid glass rod into the 
liquid. The rod will seem to disappear 
at the point where it enters the liquid. 
Why? 

5. Did you ever try to balance an 
object on a needle-point? If you prepare 
the device shown below, you will have 
little trouble in performing this seem- 
ingly impossible feat. 





Mount a needle upright in the cork 
of a narrow bottle. Cut a groove in a 
large cork so that the edge of a penny 
fits into it. Mount two heavy-handled 
knives in the cork as shown. With a 
little care you can get the knives, cork 
and penny to balance on the point of 
the needle. The whole upper unit can 
be made to spin on the needle-point, 
but most startling of all is the stability 
of the device. If you tip the upper unit 
slightly, it will restore itself to the bal- 
anced position. Why? 

6. Wrap about a dozen turns of 
solder wire around the end of a two- 
foot dowel stick. Balance the rod verti- 
cally on the tip of your finger—first with 
the weighted end nearest your finger, 
then with the weighted end at the top. 
In which position do you find it easier 
to balance the stick? Why? 





Answers 

1. The principle involved is the same 
as that which causes the sky to be blue, 
and the sun to appear red at sunset. 
The long wave red light moves through 
the liquid with little scattering. The 
shorter blue and violet waves strike the 
particles of the milk emulsion and are 
scattered to the side. The direct beam, 
now lacking the blue and violet, will 
appear reddish in color. When viewed 
from the side, only the scattered light, 
which is predominantly blue, reaches 
your eye. 

2. The 6-foot column of water pro- 
duces a negative pressure within the 
can of 6/34 of 15 lbs/sq. in., or roughly 
—2% Ibs/sq. in. The can thus has a 
pressure of 15 Ibs/sq. in. on the outside 
and 12% lbs/sq. in. (15-2%) on the in- 
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side. A rectangular tin cannot withstand 
a pressure differential of more than 
2 Ibs/sq. in. between the inside and 
outside. Therefore it collapses. 

3. The human eye is most sensitive 
to the green region of the spectrum. In 
dim light the eye loses its sensitivity 
to the red light while still retaining its 
sensitivity to the green. Just at the limit 
of visibility, all colors, except green, 
will appear grey. 

4. The refractive indices of Canada 
balsam and glass are the same. As a 
result, the light passes from the liquid 
into the glass without bending, and the 
glass rod is indistinguishable from the 
surrounding liquid. 

5. The center of gravity of the upper 
unit is actually out in the space be- 
tween the knife handles and below the 


point of support. Tipping the upper 
unit raises the center of gravity, so that 
when the unit is released, the center of 
gravity falls back to its previous posi- 
tion. 

It is interesting to note the dent made 
by the needle in the edge of the coin. 
The pressure on the copper at the 
needle point may be as much as a ton 
per square inch! 

6. Contrary to what you may think, 
you will find that the rod balances more 
readily when the weight is at the top. 
In this position the rod topples more 
slowly. This allows sufficient time for 
your finger to check its fall. 

Does watching the way in which the 
stick topples, give you a clue to the 
falling chimney problem proposed at 
the beginning of this article? 











Mount Palomar Observatory 


Dotted lines outline region on moon’‘s 
surface which may be chosen for space- 
ship landing. Area is centered between 
giant craters of Copernicus and Kepler. 


Spaceship landing area on moon is continuously photographed 
through telescope in observatory atop 9,440-foot-high Pic du 
Midi in French Pyrenees mountains. Photos give clue to lunar 
topography. Work is sometimes hampered by winds of 150 mph. 


Landing on the Moon 


High atop a mountain peak in the 
south of France, French and British sci- 
entists are photographing the region on 
the moon’s surface where the first space 
ships are most likely to land. 

The photographs are being taken at 
an astronomical observatory located on 
top of the 9,440-foot Pic du Midi, in 
the rugged Pyrenees mountains. At this 
altitude the air is unusually clear and 
cloudy days are few. Surface features of 
the moon are sharply defined in pho- 
tographs. 

To study the moon’s surface, the 
camera focuses on the “terminator.” 
This is the name for the boundary be- 
tween the dark and the sunlit parts of 
the moon. Since the lunar “day” lasts 
about one month, the terminator moves 


nine 


New York Times photos 


slowly across the surface of the moon 
during that time. As the terminator 
moves across the craters and seas, the 
telescope camera photographs the 
changing shadows and highlights, which 
can be analyzed to reveal the moon’s 
topography. On a clear night the area 
is photographed about 400 times, unde 
high magnification. 

The moon-mapping program will 
eventually cover the entire visible a 
of the moon, but so far only one spe 
region has been chosen for spaceship 
landings. This is the area between the 
giant craters of Copernicus and Kepler. 
It is bounded by the lunar longitudes 
of 10°W. and 70°W. and by the lunar 
latitudes of 28°N, and 14°S. 

The study is being carried out for 
the United States Air Force. The photos 
will provide corrections and additions 


In the winter, the observatory can be reached only by a 
cablecar which lifts the scientific staff and equipment above 
rugged Pyrenees mountains. The observatory site was chosen 
for its unusually clear air and its relatively rare cloudy days. 
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to a series of 144 charts covering the 
visible face of the moon, 

Tens of thousands of pictures have 
already been taken, but Prof. Zdenek 
Kopal of the University of Manchester, 


~s Scouts of America 
Left: Kent Goering, Explorer Scout, will spend five months 
as junior science aide at U. S. Camp Century under Greenland 
icecap. Kent, 17, has earned 68 merit badges and Eagle rank. 



















England, has estimated that it will take 
four or five years before the topography 
of the entire visible moon is mapped. 
Until then, anyone planning a moon trip 
will just have to take his chances. 








FIREFLY HUNTERS 


Firefly tails are helping scientists in 
cancer research. 

The little firefly produces a soft glow- 
ing light on its tail with three chemi- 
cals: luciferase (an enzyme), luciferin 
(a co-enzyme), and a chemical called 
ATP, which is also found in human 
blood and in many cells of the human 
body. 

ATP is essential for the movement 
of muscles, the transmission of nerve 
impulses, and the conversion of food 
into the sugars that furnish energy for 
practically all living cells. Scientists 
believe that it also may be involved in 
rapidly growing cancers. 

By extracting the two enzymes, luci- 
ferase and luciferin, from firefly tails, 
and then adding human blood, scien- 
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Schwarz Bio-Research 


tists can determine how much ATP 
there is in the blood. The amount of 
ATP is indicated by how bright a light 
is produced. In this way, they hope to 
learn more about how to control grow- 
ing cancers. 

To obtain firefly tails for research, a 
company near New York City, Schwarz 
Bio-Research, hired hundreds of teen- 
agers to net fireflies during their sum- 
mer vacations. The students were paid 
30 cents per 100 tails, which were 
shipped to the laboratories on dry ice 
for processing. The champion firefly 
snatcher of 1959 was 18-year-old Marc 
Cohn of Oak Ridge, Tenn. This past 
summer, Marc worked at the company 
headquarters in New York where he 
directed this year’s firefly hunt. 





Wide World photo 


Right: Cores of 5,000-year-old ice will provide clues to 
the Earth’s weather history. Layers will tell scientists 
at Dartmouth College of heavy and light snowfall years. 


Virus Link to Cancer 


New avenues of attack on cancer 
disease have been suggested by a dis- 
covery that links a virus to ten forms 
of cancer. 

Scientists at the Sloan-Kettering In- 
stitute for Cancer Research in New 
York City reported that they have suc- 
ceeded in isolating a virus from ex- 
tracts of human cancer tissues growing 
in rats and mice. 

The virus, or virus-like substance, 
was observed with the electron micro- 
scope to be slightly less than three- 
millionths of an inch across. It is difter- 
ent in structure from the leukemia virus, 
the only other cancer-associated virus 
previously known. 

This discovery supports the hypothe- 
sis that viruses may be involved in 
some way with cancer in human beings. 
It is not yet known, however, whether 
the recently isolated virus actually 
caused the cancers from which it was 
isolated. Nor has it been shown that 
there is any relationship between virus 
multiplication and the excessive tissue 
growth characteristic of cancer. 

If it could be shown that cancer is 
caused by a virus, vaccines might pos- 
sibly be developed against this disease. 
The cancer virus antigens could be pre- 
vented from spreading if cancer vaccine 
antibodies were present in the body. 
Also, if medical researchers develop 
ways to combat viruses with drugs, a 
cancer-causing virus could be attacked 
chemically. 

The possibility of developing sensi 
tive tests for diagnosing cancers before 
they become untreatable is more di- 











rectly related to the Sloan-Kettering 
announcement. Such a test has been 
described by Dr. Helene W. Toolan, 
who heads the research team working 
on this project. This test provides early 
detection of the presence of the virus. 
The test is based on the reaction of 
baby hamsters to extracts of suspect 
human tissue. This tissue had previ- 
ously been transplanted to rats and 
mice. 

Dr. Toolan noticed that baby ham- 
sters injected with the virus-containing 
extracts from rats and mice develop un- 
usual deformities. The hamsters grow 
poorly, and have a flat face, protruding 
eyes and tongue, abnormal teeth, and 
fragile bones. 

The virus has been found in unaf- 
fected tissues of cancer patients, but so 
far not in cancerous tissues. Nor was 
the virus found in the tissues of normal 
individuals. 

The discovery of the virus was the 
result of painstaking filtrations and 
electron microscope examination of the 
deforming extracts. 

At present scientists at Sloan-Ketter- 
ing are studying the chemistry and 
structure of the new virus, as well as its 
possible role in causing cancer. 


Chemical Blanket 


A chemical blanket has been de- 
signed to cover lakes or reservoirs and 
conserve water by preventing evapora- 
tion. 

Experiments carried out in the Aus- 
tralian desert and in the western United 
States show that as much as half of the 
reservoir or lake water lost through 
evaporation during hot months can be 
saved by the chemical blanket. 

The blanket is made up of two chem- 
icals—cetyl alcohol and stearyl alcohol. 
These are solid compounds that resem- 
ble wax. To blanket a lake, the com- 
pounds are ground into fine particles 
and sprayed from a boat, or they are 
made to form a suspension in water, 
which is then dripped onto the surface 
of the lake or reservoir. 

The alcohols spread rapidly over the 
surface of the lake until they form a 
layer only a single molecule thick (about 
one-millionth of an inch). The layer 
spreads over the entire surface of the 
lake or reservoir. Winds of more than 
fifteen miles an hour can blow off the 
protective film, but it can be quickly 
replaced. 

The chemicals do not harm fish or 
other aquatic life, and do not get into 
drinking water in harmful quantities. 





Aviation Medicine, Farnborough, England, 





Wide World photo 
To determine effects of Space Age flight, flier at the Royal Air Force Institute of 


wears modern coat of mail. Some 1,000 


yards of plastic-insulated resisting wire record body temperature during flight. 


LOHEL LSFOK! 


LOHEL LSFOK! These were the 
words of greeting to the forty members 
of the American Cryptogram Associa- 
tion, which met recently in New York 
City. 

The cryptographers were pleased to 
hear this verbal outburst, which can be 
deciphered to the simple greeting 
HELLO FOLKS. The key to the code 
are the numbers 34152. This means that 
the third letter is really the first letter, 
the fourth letter is the second letter, 
and so on, 

This is a primitive example of a 
transposition code, which is easy to 
crack because the letters in the words 
are merely rearranged. The crypto- 
graphers understood the meaning of 
LOHEL LSFOK in a few seconds 
without having to put pencil to paper. 


One of the cryptographers at the meet- 
ing discussed the “unbreakable” crypto- 
graphic system used by the convicted 
Soviet spy, Colonel Rudolf Abel. When 
Abel wanted to put an urgent message 
into code, all he had to remember were 
the Russian word for snowfall, a snatch 
of a Russian folk song, a patriotic date, 
and the number 13. This simple for- 
mula gave him the key to an “unbreak- 
able” code. 

To test your own cryptographic skill, 
try your hand at decoding the follow- 
ing: GXGTA UVWFGPV UJQWNF 
TGCF UEKGPEG YQTNF. 

This cipher was arrived at simply by 
counting two letters forward in the al- 
phabet from the actual letter of the 
word, To a cryptographer, such a code 
is extremely easy—too simple to bother 
with. You can try your skill at improv- 
ing the code—not the message. 
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Einsteinium, Anyone? 
Dear Editor: 

Could you give me any information 
on the element Einsteinium? Does a 
sample exist anywhere? 

Edward Fleny 
Neenah, Wisconsin 


Answer: Scientists first suspected the 
existence of the element Einsteinium 
after the nuclear test explosion at Eni- 
wetok Atoll in 1952. They believed the 
element was present in the debris of the 
explosion. The scientists collected sev- 
eral hundred pounds of coral from the 
atoll and managed to extract from it 
a few hundred atoms of element 99 
(approximate atomic mass 254). By 
agreement of all the scientists involved 
in the work of separating and analyzing 
the new element, it was called Ein- 
steinium in honor of Albert Einstein. So 
far, only a few milligrams of the ele- 
ment have been produced, by irradiat- 
ing plutonium. The element is available 
only to scientists engaged in nuclear 
research. 


Ice or Water? 
Dear Editor: 

If heat causes materials to expand, 
why does ice take up more volume than 
water? 

Kenneth Ash 
Meridian, Idaho 


Answer: In general, heating a mate- 
rial causes it to expand, and cooling a 
material causes it to contract. However, 
this holds true only if the material re- 
mains in the same state—that is, solid, 
liquid, or gas. When a_ substance 
changes from one state to another, the 
atoms in the substance rearrange them- 
selves. In their new state they may 
take up more space or less space. Wa- 
ter, for example, expands slightly when 
it is heated, and contracts slightly when 
it is cooled. However, as water freezes, 
the atoms are arranged in ice crystals. 
This arrangement of atoms takes up 
slightly more space than the arrange- 
ment of atoms in a liquid. Water begins 
expanding at 4° C., just before it 
freezes at 0° C. That is why in a 
mixture of ice and water, as in a half- 
frozen pond, the less dense ice will float 
on top, and the water will be progres- 
sively warmer toward the _ bottom, 
where the density of the water is 
greatest. 
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Plant Problem 
Dear Editor: 

The members of our science club 
have been unable to answer the follow- 
ing question: What makes plants grow 
upwards? Why do they grow upward 
even when buried underground in a 
black box? If the Earth’s gravity affects 
the plants, what would happen to 
plants in the gravity-free environment 
of outer space? We would be grateful 
if you could give us help in answering 
these questions. 

Solar Science Club 
St. Clair Shores, Michigan 


Answer: The tips of growing stems 
and roots of plants tend to turn upward 
or away from certain stimuli in their 
environment, such as light, gravity, or 
moisture. (See the Sept. 28, 1960 issue, 
p. 10.) This turning toward or away 
from the source of a stimulus is called 
a tropism, from the Greek word mean- 
ing “turning.” For example, when seeds 
are planted, there is no need to turn 
them right side up—the root always 
grows down and the stem always grows 
upward. We say that the root has a 
positive gravity—or geotropism—and the 
stem has a negative geotropism. The 
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Science World graphic 
Drawings show experimental demonstra- 
tion of negative geotropism in plants. 


growing tips of plants respond to light 
by growing toward the light source. 
This is phototropism. In phototropism 
and geotropism only the growing tip 
or root of the plant is affected, These 
are the parts which turn. 

Experiments have shown that when 
plants respond to stimuli, cells on one 
side of the growing tip grow faster and 
become longer than cells on the other 
side. This increased cell growth on one 
side forces the plant to bend. Elonga- 
tion of the cells on one side is caused by 
substances known as auxins, which con- 
centrate on one side of the growing tips 
of stems and roots. However, exactly 
how gravity and light affect the dis- 
tribution of auxins is not fully known. 

In addition to light and gravity, 
many other stimuli determine the di- 
rection of growth in parts of plants— 
roots grow toward water; tendrils on 
climbing vines tend to twine around 
a post. If plants were in a gravity-free 
environment, as in outer space, other 
tropisms to which they are sensitive 
would probably determine the direc- 
tion of growth. What would actually 
happen can be determined only through 
an experiment performed in outer space. 


Dry Ice 
Dear Editor: 
Is it possible to prepare small quan- 
tities of dry ice in a high school lab? 
Joseph Audy 
Chicago, Illinois 


Answer: Dry ice is carbon dioxide 
(normally a gas) in its solid state; that 
is, it is frozen carbon dioxide. At nor- 
mal atmospheric pressure, carbon diox- 
ide freezes at about —72° C. Under 
greater pressure, it will freeze at higher 
temperatures. For example, under a 
pressure of about five atmospheres (73 
Ibs. per square inch) the freezing point 
is raised to —56° C. That is the highest 
temperature at which carbon dioxide 
can freeze, no matter how great the 
pressure. Unless these conditions of 
pressure and temperature are met, dry 
ice cannot be made. A sample of dry ice 
can most easily be obtained from a 
local ice company, if it is required to 
perform an experiment. However, you 
can take a CO, fire extinguisher and 
let it squirt into a cloth bag. Dry ice 
(solid CO.) forms as some of the mole- 
cules, changing from liquid to gas, take 
heat from the others. 
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today’s scientists 





DR. JAMES EBERT— 


CIENCE has opened the universe. 
All around us the curtain of the un- 
known is lifting. We can study the floor 
of the ocean, collect data about the 
core of the Earth, and probe the moon. 
But perhaps the most exciting research 
is that which enables us to understand 
ourselves. 























There are no spectacular reactions in 
the quiet Embryology Laboratories of 
the Carnegie Institution of Washington 


at Baltimore, Maryland. But there, 


through patient and thoughtful research, 
Dr. James Ebert and his associates are 
seeking to understand some of the 
fundamental problems of biology. They 

















Dr. James Ebert 


Presence of heart muscle proteins in chick embryo can be shown by reaction to test 
sera. Amount of reaction is shown by density of dots in drawing. Myosin reactions 
are in color, actin reactions, white. Top left—16-hr. embryo; top right—18-hr. embryo. 


Purified Antibodies Used As Tools To Detect Homologous 
Molecules in Embryo 





{ 
eee ad 
Dr. James Ebert 


Heart muscle proteins plus chemical, ATP, react in test tube to form contractile fiber. 
In rabbits, these proteins cause formation of immune sera used by Dr. James Ebert. 





Photo by Myamoto 
Dr. James Ebert, embryologist, seeks to 
find how cells differentiate before birth. 


are studying the basic steps involved in 
the development of organisms before 
birth. 

A native of Bentleyville, Pa., Dr. 
Ebert studied chemical and physical 
biology at Washington and Jefferson 
College in Washington, Pa., where he 
received his degree in 1942. Shortly 
after graduation, he joined the Navy 
and served as a gunnery officer aboard 
a destroyer. During one of the Pacific 
battles toward the end of the war, his 
ship was attacked by Japanese kami- 
kaze planes. The ship was sunk but Dr. 
Ebert, wounded, was among the sur- 
vivors. 

While recuperating at the U. S. Nav- 
al Hospital in Bethesda, Maryland, he 
became interested in the work that was 
to occupy him for the next 15 years of 
his life. Skin grafting and tissue reac- 
tions had a special fascination for Dr. 
Ebert. “I decided that I would like to 
learn more about these problems,” he 
told us. 

With this in mind, Dr. Ebert earned 
his Ph.D. at The Johns Hopkins Uni- 
versity in 1950, and later taught at the 
Massachusetts Institute of Technology 
and Indiana University. In 1956 he 
was appointed to his present post as 
Director of the Carnegie Institution of 
Washington’s Department of Embry- 
ology. 

Although he is engaged principally 
in research, he has not given up his 
interest in teaching. Appointments as 
Professor of Biology and Embryology) 
at The Johns Hopkins University and 
School of Medicine enable him to take 
an active part in training young peo- 
ple for careers in research, 

All life, except for the most primi- 
tive forms, begins with the single fer- 

(Continued on page 29) 
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PROJECTS AND EXPERIMENTS 





tomorrow’s scientists / AS 





PROJECT: Factors Affecting the 
Development of Bacterial 
Resistance to Antibiotics 


STUDENT: MARY SUE WILSON, GRADE 11, FUTURE SCIENTISTS OF AMERICA AWARDS WINNER 


SCHOOL: TEACHERS COLLEGE HIGH SCHOOL, CEDAR FALLS, IOWA 


[It is well known that some people 
are allergic to grass pollen and others 
are not, that some people coming in 
contact with poison ivy are stricken 
with a severe skin rash, while others can 
actually rub poison ivy leaves on their 
skins without any ill effects. 

Bacteria, too, may differ from one 
another in how they are affected by the 
materials with which they come in con- 
tact or by substances they absorb. Thus, 
some bacteria may grow in the presence 
of penicillin while others may fail to 
grow under this condition. The bacteria 
which fail to grow in the presence of 
penicillin are “susceptible” to it. 

Bacteriologists have discovered that 
this characteristic—the ability to grow 
in the presence of penicillin—is heredi- 
tary. That is to say, susceptible bacteria 
will give rise to offspring that are also 
susceptible, and bacteria that are not 
susceptible to penicillin will produce 
non-susceptible offspring. Should two 
such bacterial cells, differing only in 
susceptibility, each produce millions of 
offspring in the form of two colonies on 
a petri dish, we would say that we have 
two “strains” of bacteria in the dish. 

The reaction of bacteria to penicillin 
is, of course, of great importance to 
physicians who wish to use this anti- 
biotic drug in treating disease. For many 
years, penicillin was very effective 
against some types of bacteria. But 
now, medical bacteriologists find that 
some bacteria that were once suscepti- 
ble to a particular antibiotic are no 
longer harmed by the drug. Since this 
new characteristic is also hereditary, a 
new, drug-resistant strain develops and 
an important tool in the control of dis- 
ease is lost. Now, suppose a few bac- 
teria—or even a single bacterium—of one 
strain somehow got mixed up with the 
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Mary Sue Wilson 


Mary Sue Wilson poses with some of the materials and equipment used in her project. 
She pipettes penicillin solution from flask into bacterial suspension in culture tube. 


millions of individuals in the second 
strain, could they be separated? The 
answer to this question is, yes. If you 
want to know how, read the report of 
Mary Sue’s project. She has had an ac- 
tive part in some research of this kind. 
Her project describes some of the tech- 
niques used to isolate drug-resistant 
strains of bacteria.] 


MARY SUE’S PROJECT 
The initial purpose of my project was 
two-fold. First I wanted to develop 
penicillin-resistant strains of two species 
of bacteria Micrococcus pyogenes var. 
aureus (a spherical bacteria associated 


with infections) and Sarcina lutea (a 
harmless, spherical bacteria). The sec- 
ond part was to test the effectiveness of 
other antibiotics on these mutant strains. 


Procedure 


To isolate penicillin-resistant mutants 
it is necessary to culture the bacteria 
in a medium containing penicillin and 
isolate the survivors, if any. Such sur- 
vivors are “first-step” mutants. Cultur- 
ing the surviving first-step mutants on 
media with increased concentration of 
penicillin should lead to the isolation 
of second-step mutants. 

In this manner, by isolating survivors 
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AGAR € ANTIBIOTIC 
AGAR 


Mary Sue Wilson 
Penicillin medium is diluted by diffusion. 
Petri dish is tipped and lower layer of 
plain agar forms a slant. When penicil- 
lin agar is poured on top, dilution occurs 
as penicillin diffuses downward in direct 
proportion to thickness of the layers. 








and exposing them to _ increasingly 
higher levels of antibiotics, drug-resist- 
ant strains of bacteria can be obtained. 

To prepare culture media containing 
varying concentrations of antibiotic, I 
first prepared nutrient agar (a gelatin 
substance from seaweed to which pro- 
teins and minerals are added to encour- 
age bacterial growth). The agar was 
poured into petri dishes (flat covered 
dishes used for bacterial cultures) 
tipped up by placing one side on a 
metal wedge. When the agar hardened, 
it produced a slanting surface thicker 
at one side of the petri dish than at 
the other. 

Then a second solution of agar was 
prepared and mixed with a solution 
containing 200,000 units of penicillin 
to each 800 ml. of distilled water. The 
petri dish was placed on a flat surface, 
and the penicillin agar was poured over 
the first slant. The penicillin from the 
upper layer diffused downward, pro- 
ducing a dilution proportional to the 
thickness of the layers. This produced a 
gradient of penicillin from high concen- 
tration to low (see diagram above). 


Inoculation Procedure 


In working with Sarcina lutea, two 
procedures were used to inoculate the 
agar plates. In the first method, a flask 
containing 150 ml. of distilled water 
was sterilized. After cooling the water, 
bacteria from a standard stock culture 
were transferred to it with a platinum 
loop. A few ml. of this solution were 
poured onto the prepared petri dishes. 
After allowing a few moments for the 
organisms to settle out, the water was 
poured off. The inoculated petri dishes 
were incubated for 48 hours at 37° C. 
The growth of bacteria extended about 
halfway across the dish from the end of 
least concentration. As the gradient of 
concentration of antibiotic became 
greater, the number of bacteria became 
less. I assumed that those colonies 
growing in the highest concentration of 
penicillin were penicillin-resistant mu- 
tants. These colonies of bacteria were 
transplanted to a petri dish of identical 
preparation. After incubation, it was 


observed that the growth had extended 
completely across the dish. In each 
step, four petri dishes were used. 

In the second method, a bacterial 
suspension was streaked over the agar 
surface parallel to the axis of the con- 
centration gradient with a loop of 
platinum wire. When these plates were 
incubated, growth extended about one- 
fourth the way across the dish. Colonies 
were taken from the outermost ends of 
these streaks and transplanted to a sec- 
ond dish of identical preparation, After 
each incubation, the colonies in the 
area of greatest penicillin concentration 
were transplanted to another dish. The 
preliminary results with this method 
indicated that the organism was devel- 
oping resistance to the antibiotic. 


Handle Pathogens Carefully 

Micrococcus pyogenes var. aureus is 
pathogenic (capable of causing dis- 
ease), therefore the procedures devel- 
oped by bacteriologists for handling 
pathogenic bacteria must be carefully 
followed. In fact, to avoid contamina- 
tion of cultures and exposure to bacteria 
that may prove to be harmful, all bac- 
teria are handled as if they were capa- 
ble of causing disease. 

In culturing M. pyogenes, I used a 
different procedure from that used for 
isolating the penicillin resistant strain 
of S. lutea, Twenty-five ml. of nutrient 
agar were poured into a sterile petri 
dish. The unsolidified agar was inocu- 
lated with the organism. This prepara- 
tion was allowed to solidify and a pre- 
pared filter paper disk saturated with 
penicillin was placed in the center of 
the dish. 

After incubation, it was noted that 
around the disk there was a circle 
where no bacteria grew. Colonies from 
the innermost edge of the circle were 
transplanted to a dish identically pre- 
pared. When this dish was incubated 
it was noted that the inhibition circle 
(circle of no growth) had diminished. 
The process was repeated once more. 
This time, M. pyogenes grew com- 
pletely up to the disk, indicating that 
a penicillin-resistant strain had been 
isolated. 

After isolating a penicillin-resistant 
strain of M. pyogenes, I tested its resist- 
ance to other antibiotics. I wanted to 
see if bacteria resistant to penicillin 
would also be resistant to antibiotics 
with which they had no previous con- 
tact. I used prepared antibiotic disks 
to test the cross resistance of M. pyo- 
genes. 

The gradient method was used in 
testing the resistant strains of Sarcina 
lutea for cross resistance. I tested Sar- 
cina lutea against Achromycin, Aureo- 
mycin, and Terramycin. Standard solu- 


tions were made of each in the same 
concentration as the penicillin solution. 
The plates were prepared and inocu- 
lated in the same manner used in testing 
the organism with penicillin. 


Observations 


1. A mutant penicillin-resistant strain 
of Micrococcus pyogenes var. aureus 
was isolated through serial transfers of 
the organism to higher levels of anti- 
biotic concentration. 

2. This mutant strain of M. pyogenes 
was tested for resistance to the other 
antibiotics, On the basis of my tests, 
there may have been some increased 
resistance to Bacitracin, Terramycin, 
and Triacetyloleandomycin. 

3. A mutant strain of Sarcina lutea 
was developed through serial transfers 
of the organism to higher levels of anti- 
biotic concentration using a gradient 
plate. This strain of S. lutea did not 
show increased resistance to other anti- 
biotics. 

Experiments with bacteria should al- 
ways be carried out under the super- 
vision of an adult who can teach you 
the techniques of safe procedure. 





Pe Boe 


Mary Sue Wilson 


Bacteria in top photo are sensitive to 
penicillin and grow on portion of petri 
dish where there is low concentration of 
antibiotic. Bacteria in lower photo are 
resistant to penicillin and cover agar. 
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PROJECT: A Linear Particle 
Accelerator 


STUDENT: JOSEPH GOLDEN, GRADE 12, FUTURE SCIENTISTS OF AMERICA AWARDS WINNER 


SCHOOL: LONG BEACH HIGH SCHOOL, LONG BEACH, N. Y. 


[Like charges repel each other and 
unlike charges attract. We hear this 
phrase so often and repeat it so glibly 
and easily, that we often forget just 
how important the principle is. 

The behavior of charged particles 
underlies the whole of the electronics 
industry. It is also the principle upon 
which “atom smashers,” or—more tech- 
nically—linear accelerators are built. 
Consider the electron. It has a nega- 
tive charge. Expose the electron to a 
field with a high positive charge. The 
electron will be attracted and accel- 
erated. Its velocity and mass will in- 
crease and it can be made to serve as 
a bullet to probe the inner structure 
of matter. In the same way, positive 
alpha particles and protons can be 
pulled and accelerated by negative 
fields or pushed by positive fields. 

So much for the principle. Putting 
it to work to design apparatus so that 
the particles will behave in a predict- 
able fashion and perform the jobs ex- 
pected, is something else again. The 
design, construction, and operation of 
particle accelerators is a broad field of 
research. Accelerators built by govern- 
ment and university atomic research 
facilities take years to build and cost 
millions of dollars. Atomic research re- 
quires a high budget. 

Yet, here and there around the coun- 
try, tomorrow’s scientists have built and 
operated particle accelerators. In de- 
signing and operating these home-made 
devices, it is possible to learn some- 
thing of theoretical physics and the 
technical problems of atomic research. 
Joseph Golden built an accelerator for 
$40. His report describes his procedure 
step-by-step. Notice the precautions that 
were necessary because the accelerator 
has some of the characteristics of an 
X-ray machine. ] 


JOSEPH’S PROJECT 
This report is a description of a Van 
de Graaff type electrostatic linear parti- 
cle accelerator, which I designed and 
built. My chief purpose was to obtain 
an accelerator capable of producing 
sub-atomic particles of high enough 
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Accelerator has three basic parts: high voltage source, accelerator tube and vacuum 
system. Van de Graaff high voltage source is on ladder. At left is tube with spher- 
ical charge collector. Center sketch shows detail of air tight seal at end of tube. 


energy for experiments in basic atomic 
physics. The accelerator I built was 
relatively inexpensive—most of the parts 
were either borrowed from the school’s 
science department or made in the 
school’s shop. The total cost, including 
an oil diffusion pump and a 20-inch 
spherical aluminum collector, was only 
about $40. The performance of the 
accelerator is excellent. 


Description 
A linear accelerator is an evacuated 
tube in which sub-atomic particles are 
accelerated to achieve high energies. 
Basically, the accelerator consists of a 


source of high voltage electric field, an 
accelerator tube with provision for in- 
troducing the necessary particles, and 
a high vacuum system. 

A high potential is placed on an ac- 
celerating electrode near one end of the 
tube and the particles to be accelerated 
are admitted at the other end. The tube 
is evacuated to provide a path free from 
interfering molecules. The particles are 
accelerated towards the charged elec- 
trode, just as a falling body is accel- 
erated downward in the Earth’s gravita- 
tional field. These are the basic princi- 
ples used in the design of my particle 
accelerator. 
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Construction 


My accelerator is of the Van de 
Graaff type. That is, the accelerating 
potential is developed by a Van de 
Graaff electrostatic generator. The gen- 
erator, borrowed from the school, with 
my own modifications added to it, made 
it possible to obtain protons and elec- 
trons of 700 KEV (KEV=1,000 elec- 
tron volts) and alpha particles of 1.4 
MEV (MEV=1,000,000 electron volts). 

The accelerator is composed of three 
main parts: a source of high voltage 
for the accelerating potential, the ac- 
celerator tube, and a high vacuum sys- 
tem capable of attaining a pressure of 
10° mm. of mercury. 

For the high voltage accelerating 
potential, I borrowed the school’s 350,- 
000 volt Van de Graaff generator, and 
modified it by the addition of a 15,000 
volt external exciter to increase its rate 
of charge. The exciter was a simple half 
wave rectification circuit using a high 
voltage rectifier tube and an 18,000 
volt neon sign transformer. I coupled 
the school Van de Graaff generator with 
a 20-inch diameter spherical aluminum 
collector of my own. The combination 
produced an adequate charge. 





Precautions Taken 


The accelerator tube itself was a four- 
foot length of 2-inch lead glass tubing. 
Lead glass was chosen because it was 
inexpensive, would support the vacuum 
pressure, and would help shield any 
X-rays produced. The accelerator is a 
close relative of a high energy X-ray 
tube, and suitable precautions had to 
be taken. 

The end of the accelerator tube was 
inserted in the bottom opening of the 
20-inch collector. The collector was 
supported by a ring of high voltage 
rubber tape around the tube and by 
pieces of lucite also taped around the 
tube. The particle window and vacuum 
seal was a 2-inch disk of household 
aluminum foil supported by a 2-inch 
disk of 3/16-inch-thick aluminum, cut 
to fit the top of the tube. The aluminum 
disk was drilled with a hexagonal grid 
of 37 3/16-inch-diameter holes. This 
arrangement would allow passage of 
the particle beam and still support the 
foil window. About every six inches 
down the 4-foot length of tube, wire 
rings were wrapped to provide a gentle 
gradient and thereby constrict the par- 
ticle beam to the tube’s center. 

I machined the base vacuum fitting 
from a 14-inch iron pipe union supplied 
by the school’s maintenance shop. The 
unthreaded inner section was removed 
and machined down to a ring with a 
tapered inside to accommodate a neo- 
prene washer. 


A 3-inch length of 1-inch iron nip- 


ple to fit the remaining half of the 
union was fitted with a vacuum port 
by brazing a piece of %-inch steel rod 
through its side, and then drilling a 
%-inch hole through the rod. Similarly, 
a 4-inch x 4-inch piece of 3/16-inch 
sheet steel was brazed to the end of 
the nipple to serve as a base plate and 
seal for the vacuum tube. 

Upon assembly, the spaces remaining 
between the union and the tube were 
filled with self hardening silicone rub- 
ber and then with vacuum wax. 

Three vacuum tight electrical lead- 
throughs were fashioned through the 
base plate by drilling three %-inch holes 
to accommodate rubber grommets. Ma- 
chine bolts were forced through the 
grommets. When the bolts were tight- 
ened with washers and nuts, the rubber 
grommets swelled and, while still pro- 








” Diameter 


Aluminum Aluminum 
Foil Collector 
Disc 


Aluminum Disc High Voltage 
With Grid Rubber Tape 


“Glass Tube 


Joseph Golden 
Joseph made 20-inch charge collector, 
and fixed it to tube with high voltage 
tape and lucite rods. At lower left, sketch 
shows detail of particle window and seal. 


viding an insulated lead-through, pre- 
vented air leakage into the system, 

The lead-throughs accommodated 
12 gauge copper wire which served 
as supports and connectors for the fila- 
ment assembly. The assembly consisted 
of a helix of #22 nichrome wire and 
a copper screen around it. The terminal 
to the copper screen was separated 
from the other two filament terminals 
in an isosceles triangle because of the 
higher voltage applied to the screen. 

The final and most tedious part of 
the project was the design and con- 
struction of a suitable vacuum system. 
It had to attain a pressure of 10-5 mm. 
of mercury so that the particles would 
have a mean free path of over 10 feet 
before collision with a stray air mole- 
cule, 

The system required an oil diffusion 


pump which I purchased. Using the 
school’s regular vacuum pump and bor- 
rowed vacuum valves, I designed and 
built the vacuum system. All tubing is 
%-inch high pressure copper tube. The 
fittings, when not soldered, were made 
with heavy rubber tubing. All seals and 
fittings in the system were covered with 
a vacuum wax made by melting to- 
gether equal parts of bee’s wax and 
rosin. 

In operation, the pressure in the ac- 
celerator system was lowered to the 
limit of the mechanical force pump and 
then sealed off at the vacuum stop cock, 
The oil diffusion pump would then 
take over, and pump any remaining air 
into the vacuum reservoirs (gallon jugs 
kept in wooden crates for safety’s sake), 
A cold-trap filled with dry ice pre- 
vented any vapors from reentering the 
accelerator tube, thereby lowering the 
limit of the vacuum attainable. 

In operation, I let the oil diffusion 
pump work overnight to attain the 
necessary vacuum. Leaks—and_ there 
were plenty of them—were detected 
with the use of both a McLeod gauge 
and a Tesla coil. The leaks were sealed 
with plenty of vacuum wax. 


Effective Tests 


Using the school’s radiological survey 
meter, I discovered that the accelerator 
produced X-rays of a dangerously high 
level. So, I had to control the acceler- 
ator remotely. 

When operating the accelerator, the 
sample to be irradiated is placed in the 
target area on top of the foil window. 
If protons are to be used, a small 
amount of hydrogen gas is introduced 
into the system and the collector made 
negative. Alpha particles are produced 
the same way, using helium gas. The 
gas is ionized by the warm filament 
and the high voltage field in the tube 
and the nuclei are accelerated through 
the tube. If the collector is made posi- 
tive by reversing the Van de Graaff 
brushes and the polarity of the exciter, 
the warm filament will boil off electrons 
just as does a vacuum tube filament. 

The filament current must be closely 
controlled. Too much heat causes satu- 
ration of the tube by excess electrons 
and a lowering of field potential. On 
the other hand, too little heat dimin- 
ishes the beam current. 

Approximating from meter readings, 
I calculated that electron beams of over 
25 microamperes were produced at en- 
ergies of nearly 700 KEV. Alpha par- 
ticles could be accelerated to 1.4 MEV 
because of their greater charge. 

With the accelerator, I have suc- 
ceeded in crosslinking polyethylene and 
have experimented in irradiating man) 
other substances with varied results. 
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By ALEXANDER JOSEPH 


ROJEC 
POINTE 


In every issue, Science World pre- 
sents a page of project pointers. Each 
pointer is related to one of the major 
articles or features. Each of these proj- 
ect pointers explores some basic con- 
cept. The concepts and techniques may 
suggest further ideas to get you started 
on a project of your own, 


Embryology 

Early next spring collect frog eggs 
from a quiet brook. (Or, ask your biology 
teacher how to induce cvulation in frogs 
and artificially fertilize the eggs.) Keep 
the eggs in a jar of water from the 
brook until you are ready to start your 
work. Keep the jar in a cool place. 
Then put the eggs, still in the same 
water, in a clean finger bow] or shallow 
dish. Place the dish in a warm room. 

After the eggs have undergone cleav- 
age and you can see the tadpole embryo 
begin to form, take a dissecting needle 
and, working under a Jow power micro- 
scope, transfer cells from the chord 
area of the embryo to the ventral area 
or front of the embryo. Make sure that 
you use instruments sterilized in an 
autoclave or pressure cooker. Do not 
sterilize your instruments with chem- 
icals. 

Prepare at least 12 to 20 embryos in 
this way. Observe them daily under 
low power. Do the transplants develop 
as they would have in their original 
site? Why would they follow their origi- 
nal pattern? If you carry on this type 
of work and you develop some skill at 
it, you can begin to do research on eggs 
of other amphibians or fish, and from 
your findings you may develop an ex- 
cellent science fair project. 


How to Make a Simple Seismograph 

After assembling the materials listed 
below, clamp the wood base to a table. 
At one end of the base fasten a pipe 
flange, using strong wood screws as 
shown. Screw the 3’ length of pipe into 
the flange. About 4%” above the base 
begin to drill into the pipe until a small 
dimple has formed. Do not drill all the 
way through. 

Next file both ends of the metal rod 
to a point and fit one end into the 
OCTOBER 
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dimple in the pipe. Suspend the other 
end from the top of the pipe with a 
length of No. 14 steel wire so that the 
rod is horizontal. Fasten sash weights 
or heavy bricks to the under side of the 
rod with wire or tape. 

To improvise a recording disk, re- 
move the minute hand from the alarm 
clock and glue the stiff cardboard disk 
to the hour hand. Soot the disk with a 
candle flame, but be careful not to 
ignite it. 

Now wind the clock and place it so 
that the point of the metal rod just 
touches the soot on the disk at about 
the nine o'clock position. The rod will 
register local vibrations on the dial. 
Jumping in the room and other strong 
disturbances, such as may be caused 
by heavy trucks passing on a nearby 
street, will be recorded. 


List of Materials 


1. A heavy, flat wood base about 
ar o wn 
IXSXA 
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2. A C-clamp 

8. A 4-hole flange, to accommodate 
threaded pipe 

4. Four strong wood screws to fit 
flange 
5. A%”- to 1%”-diameter pipe, 3’ long, 
threaded at one end 

6. Center punch or drill press 
7. A %”-diameter steel or brass rod 
20” long 

8. Medium file 

9. Four feet of No. 14 steel piano 
wire 

10. Bricks or heavy sash weights 

11. A working spring-wound alarm 
clock 

12. A rigid cardboard disk about 
1/16” thick, 4” in diameter 
13. A candle 


Additional Starter 


Fuel Cell: Make two porous charcoal 
containers by hollowing out charcoal 
blocks. Connect one of these to a source 
of fuel gas (natural, bottled, or manu- 
factured) and the other to oxygen. 
These carbon blocks are inserted into a 
glass jar containing a 30% potassium 
hydroxide solution. Warning: This solu- 
tion is very caustic and dangerous to 
eyes, skin, and flesh. Connect a sensitive 
galvanometer or 0-to-1 milliammeter to 
the carbon electrodes. Allow the gases 
to bubble in slowly. Watch the needle 
on the meter. If you wish you can omit 
the oxvgen supply by simply leaving 
the oxygen electrode open to air at the 
top. Warning: All the fuel gases are ex- 
plosive. Handle with care. 


= Disk 
| Clock 
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Alexander Joseph 


Diagram shows construction details of simple seismograph. The performance of this 
instrument will be improved if it is set on a very solid base rather than on a table. 
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BRAIN TEASERS 





Do you have a favorite brain teaser? 
Send it to Science World, 33 West 42nd 
Street, New York 36, N. Y. We will pay 
five dollars for each one published. In- 
clude the name of your school, home 
address, grade, and age. 





Hunt for a Dud 

A hunter decided to go hunting on 
the spur of the moment. He was out 
of ammunition, so he borrowed eight 
cartridges from a friend. He was told, 
however, that one cartridge had no 
powder. The hunter tried to identify 
the defective shell by weighing one 
against the other in his hands—but with- 
out success. He decided to use a pros- 
pector’s balance to solve his problem. 
The balance was a simple one, con- 
sisting of pans hung from a beam cen- 
tered on a pivot. 

The hunter wanted to spot the blank 
cartridge as quickly as possible. Of 
course, he could put four cartridges on 
one pan and four on the other—and 
then take the lighter group, and balance 
two against two. Then he could find 
the dud by weighing the lighter two, one 
in each pan. This method of finding the 
dud involves a total of three weighings. 
But the hunter had already figured out 
a method for solving the problem and 
finding the dud in two weighings. How 
did he do it? 

Alexander Murdoch 
Alice Peck School 
Mt. Carmel, Conn. 
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SOs 

When a tanker caught fire at sea, its 
crew escaped in a lifeboat. Last to leave 
the ship was the captain. He dived over- 
board and swam under water to escape 
the burning oil slick on the surface. 
When he was about a hundred yards 
from the ship, he heard an explosion. 
Anxiously, he popped his head out of 
the water just in time to hear another 
explosion as his ship’s boilers blew up. 
The captain resumed swimming and 
soon reached the lifeboat. 

A few days later, at the official in- 
quiry, the captain reported the two ex- 
plosions he had heard. But the crew 
swore there was only one explosion. 
Both the captain and crew were right. 
How could this be? 

Thomas Walezak 
Padua Preparatory 
Watkins Glen, New York 
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Answers to Crossword Puzzle 
(see page 23) 
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Aeronautic Enigma 
An airplane, traveling with a constant 
engine speed, makes a large and per- 
fect circle parallel to the ground. (There 
was no wind.) Will the airplane com- 
plete the same circle in more, less, or 
the same time if there is a wind of con- 
stant speed and direction—assuming 
that the plane travels with the same 
constant engine speed that it clocked 
formerly? 
Dwight Jennings 
Cupertino, Calif. 
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Two-Minute Eggs 
Suppose you wanted to cook an egg 

for two minutes. But the only timing 
devices available to you were two sand 
clocks—one for five minutes and one for 
three. How could you tell when to put 
the egg in the boiling water and when 
to take it out? 

Kent Wikarski 

St. Clair Shores, Mich. 
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Heartbeat Hunter 
(Continued from page 22) 


tilized egg. From this cell come all the 
complex structures that make up a 
man, a dog, a fish, or a chicken. The 
single cell divides into two, the two 
into four, four into eight—continually 
dividing until there are millions of 
cells. Cells are organized into tissues, 
tissues into organs, and organs into the 
systems necessary to sustain the life 
processes of the animal. Finally, the 
embryo reaches the stage of its devel- 
opment when it is ready for birth. 

Experimental embryologists have 
been studying this “life before birth” 
for many years. They have been able 
to observe and describe it in great de- 
tail and with considerable accuracy. 
But there are many basic questions 
still unanswered. 


The Puzzle of Differentiation 


Perhaps the most fundamental of 
these is the question of cell specializa- 
tion. How do cells that start out alike, 
at the beginning of embryological de- 
velopment, differentiate to become skin 
cells, nerve cells or heart muscle cells? 

One purpose of Dr. Ebert’s work has 
been to find the answer to this ques- 
tion. But before scientists can discover 
how cell specialization comes about, 
they must know when specialization 
first occurs in the developing embryo. 
In order to uncover the nature of the 
changes within cells, they must know 
exactly when the cell is not specialized 
and exactly when it is. 

Dr. Ebert decided to explore this 
problem by studying the specializa- 
tion of the heart muscle cells of the 
chick embryo. “Heart muscle cells are 
especially good experimental material,” 
explains Dr. Ebert, “because they have 
the unique property of rhythmic pul- 
sation and, therefore, are easy to identi- 
fy.” Scientists know that this property 
of contractility—the shortening of mus- 
cle fibers in response to a stimulus—is 
a function of certain special contractile 
molecules, actin and myosin. These 
protein molecules are present only in 
muscle cells. 


Heart Muscle Serum 

Where do actin and myosin come 
from? Are they present in the first fer- 
tilized cell? Previous experiments had 
demonstrated that they were not. But 
when, exactly, do they appear in em- 
bryonic development? 

Because actin and myosin molecules 
are not visible to the eye, even at the 
greatest magnification modern optical 
microscopes can achieve, Dr. Ebert 
had to find the answer through indi- 
tect, biochemical methods. He _bor- 
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“! think complete rest is es- * 
sential, Johnson—you were in ¥ 
orbit for quite a _ while.” % 





“Here we are on the threshold of 
space travel, and he’s still frittering 
away his time with that old stuff.” 
























“Very nice specimen, Andrews, but 
I think you’d better confine yourself 
to collecting lizards and spiders.” 








rowed a technique from the science of 
immunology—that of the antigen-anti- 
body reaction. 

“We know, for example, that to pre- 
pare a vaccine against polio, we inject 
the polio virus into an animal,” he 
explains. “In its blood stream are 
formed specific substances that react 
against the virus. We call these sub- 
stances antibodies. Antibodies are 
highly specific. A polio antibody re- 
acts only against a polio virus. The 
smallpox antibody reacts only against 
smallpox viruses. It’s the specificity of 
the reaction that’s important. Instead of 
preparing an antibody against polio 
virus, we decided to make an antibody 
against heart myosin.” 

Dr. Ebert did this by extracting my- 
osin from the heart of an adult chicken. 
This protein served as the antigen 
which would stimulate antibody forma- 
tion, in much the way the polio virus 
stimulates antibody formation in an 
animal’s bloodstream. He _ injected 
heart myosin into the blood stream of 
a rabbit, and antibodies were found 
in its blood serum. We may speak of 
these antibodies as antimyosins. But 
all muscles—not only heart—contain 
myosin. Hence, to be certain that he 
had an antimyosin specific for heart, 
Dr. Ebert found it necessary to re- 
move antibodies capable of reacting 
with other myosins. 


He was able to “absorb” these out 
and purify the rabbit’s blood serum. 
The resulting “anti-heart myosin serum” 
would now react only with the myosin 
from heart muscle cells. 

He then added this serum to a 
number of test tubes containing ex- 
tracts of early chick embryos of pro- 
gressively younger stages. If a precipi- 
tate formed, it indicated that the “anti- 
heart myosin serum” was reacting with 
the myosin in the embryo, and that the 
cells were already specialized. If the 
precipitate did not form, it meant that 
the proteins were not present and that 
cell specialization had not yet taken 
place. 


Heart Muscles Before Heartbeat 

His first test was with the extract 
of a chick embryo stage in which 
the beating heart is first visible—the 
33-hour stage. At this stage, the em- 
bryo would have to contain myosin, 
since its heart had already been formed. 
Cell specialization had already oc- 
curred at this stage. If the “anti-heart 
serum” was effective, the precipitate 
would form. And this is exactly what 
happened. 

From here, he began working with 
younger and younger embryos where 
the beating heart was not yet visible. 
He found myosin present in the 25- 

(Continued on page 30) 
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Get on the List 

There is still time to subscribe to 
Science World. Subscription prices are 
$1.50 a school year each, or $1.00 a 
semester each. Single subscription, 
Teacher’s Edition, is $2.00 a school 
year. Send to: Subscription Fulfillment 
Dept., Scholastic Magazines, 33 West 
42nd Street, New York 36, N.Y. 
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hour-old embryo, the 20-hour embryo, 
and even in the 16-hour embryo. In 
extracts of the 15-hour embryo, how- 
ever, no precipitate formed. No reac- 
tion took place. Myosin was not present 
in the 15-hour chick embryo. 

“It is clear from these experiments 
that myosin is formed between fifteen 
and sixteen hours of development, and 
that this synthesis, which really reflects 
the specialization of heart cells, occurs 
a full eighteen hours before the first 
heartbeat,” Dr. Ebert concluded. 

Having determined when heart cell 
specialization takes place, Dr. Ebert 
is now studying how that specialization 
occurs. There seems to be something 
in every normal cell that “tells” it how 
to develop. Scientists believe that this 
“something” is a sort of “code” built 
into the cell’s molecular structure, and 
that the development of the cell along 
normal or abnormal lines depends upon 
the “arrangement” of this code. 

Dr. Ebert is now seeking to discover 
just how this code operates in bringing 
about cell specialization. “Ultimately. 
we should be able to direct the spe- 
cialization of a cell in any given direc- 
tion by adding just the right kind of 
code,” Dr. Ebert believes. “Recently 
we've made progress in that direction. 
We've done experiments in which 
we've taken cells that normally never 
become heart cells and caused them 

become heart cells by adding the 
appropriate heart code.” 

Dr. Ebert finds that his work keeps 
him so busy that he has little time 
for outside interests. Sometimes, 
though, he manages to combine his 
work with relaxation. This past sum- 
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PORTER 
Lab-Master 


500 power, 4-turret, all metal 
electric microscope pon agg | the 
new SOLAR STAR ocular. Light 
wave intensity regulator, color 
perception filters and light diffu- 
sion controller. Contains specimen 
pak, live specimens, plain and 
prepared slides, dissecting equip- 
ment and other apparatus. Com- 
plete manuals. 





See the entire Porter Science line 
now on display at hobby counters 
everywhere . . . including Chemcraft, Biocraft, 
Industrial Science, niooceeey. Sciencecraft and 
. from $3. to $35. 


| FREE “Wonders of Science” Folder shows 


complete list of Porter Science Sets .. . plus entry 


blank for Porter's $1,000 College Scholarship Cone 


test! Send for yours today! 


PORTER SCIENCE 
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mer, for example, he was invited to lec- 
ture at scientific meetings in England 
and Italy. Instead of going over alone, 
he took his wife and three children, 
Frances Diane, 13; David Brian, 9; 
and Rebecca Susan, age 2, to Europe 
with him, After touring the continent, 
the whole family settled in a charming 
villa in Pallanza, Italy. 


The Molecules of Life 
Speaking of the future of his field 
of investigation, Dr. Ebert says, “We're 
dealing with great new concepts. It’s 
even possible, I think, that chemists 
and physicists are going to have to al- 
ter some of their ideas to take into 
account the ways in which molecules 
behave in living things. All of our bio- 
logical sciences, embryology, immunol- 
ogy, genetics, are converging toward 
this problem—the understanding of the 
way molecules behave in living organ- 
isms, I suppose that what we're really 
thinking about is that age-old question, 
the one that has tantalized us for a 

long, long time: what is life?” 
—FraANcES GUDEMANN 
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“Try to think what you did wrong. 
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Chemistry Check-Up 


By Carol Bonnell, Capitan (New Mexico) High School 


* Starred words refer to chemistry 


Students are invited to 
submit original crossword 
puzzles for publication 
in Science World. 
Each puzzle should be 
built around one topic 
in science, such as as- 
tronomy, botany, geolo- 


gy, space, electronics, 
famous scientists, etc. 
Maximum about 50 


words, of which at least 
10 must be related to 
the theme. For each puz- 
tle published we will 
pay $10. Entries must in- 
clude symmetrical puzzle 
design, definitions, an- 
swers on separate sheets, 
design with answers 
filled in, and statement 
by student that the puz- 
tle is original and his 
own work. Keep a copy 
as puzzles cannot be re- 
turned. Give name, ad- 
dress, school, and grade. 
Address Puzzle Editor, 
Science World, 33 West 
42nd Street, New York 
3%, New York. Answers 
to this puzzle are on 
page 28. 


“1. Makes up approximately one fifth of 


Earth’s atmosphere. 
* 6. Dissolved substance. 
12. Capital of Korea. 


°14. Nonmetallic element used to harden 


steel. 
15. Woman dedicated to religious life. 


16. Membranous attachment on body of 


fish. 
18. Girl Scouts of America (abbr. ). 
19. In behalf of. 


°20. Compound of a halogen with another 


element or radical (alt. spelling). 
22. Small, poisonous serpent. 
24. Upon. 
25. Grain used as breakfast food, 
26. Not good. 
28. Toward. 
29. Chopping tool. 


°31. A base will turn — ——litmus blue. 
33. Prefix meaning upon, beside, among. 
°34. Hydrogen chloride (chem. formula). 


°35. Charged atom or radical. 

37. Unusual. 

39. Devoured. 

°40. Carbon (chemical symbol). 
*41. Rubidium (chemical symbol). 
43. Consume. 

45. Climbing plant. 


“46. Element number 88 (chem. symbol). 


47, Steal from. 


*49. His law concerns the volume of a gas 


in relation to pressure. 
51. Place where wild animals are kept. 
52. Uncooked. 
54. Good friend. 


°55. Metallic element whose symbol is Sn. 


56. Warm air _____. 


58. Character actress in movies, Beulah 


60. Acid found in vinegar. 


*61. Sweet, clear, syrupy compound pro- 


duced from certain compounds of 
ethylene. 
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®* 1. Osmium (chemical symbol). 
* 2. Inert gaseous element in air. 
3. Belonging to you. 
4. Firearm. 
5. Elevated train (colloq.). 
7. Obituary (abbr.). 
8. Ship’s record book. 
g, ____- Minor (constellation). 
10. Brown or heat by fire. 
°11. Abbreviation for ethylenediamine as 
used in certain formulas. 
*13. Sodium must be stored under ____. 
°16. Glyceryl esters of certain organic 
acids, soluble in ether but not in water. 
17. Pen point. 
19. Water vapor condensed in the air. 
20. Have (poetic Scotch dialect). 
21. Daughters of the American Revolu- 
tion (abbr.). 
23. Cooking vessel. 
°25. Oxygen compound, 
27. God. 
29. Highest mountain in Philippines. 
°30. Solidified CO. is dry _____. 
32. Female deer. 
36. Make a mistake. 
38. Apply in spots, as paint. 
39. “Hail” (Latin). 
*40. Calcium oxide (chemical formula). 
“42. Mild acid obtained from salts of 
boron. 
44, Spinning toy. 
45. Sick. 
46. Musical composition. 
*48. Combines with acid to form a salt. 
50. Sweet potato. 
°51. Metallic element used in alloys. 
53. Moist. 
55. Plaything. 
56. Sun god of Egypt. 
*57. Element second to oxygen in abun- 
dance (symbol). 
58. Bachelor of Laws (abbr. ). 
*59. Illinium (chemical symbol). 
















































MORE OF IT! 
QUICKER-EASIER! 


It takes more learning 
for a modern job but you 
earn more right from the 
start! You'll live better 
and happier with a career 
job as a pilot! 





Pilots of all types are 
needed! Commercial, 
Business or Executive! 


Train in beautiful Tulsa 
on modern equipment! 


YOUR FIRST STEP TO 
THE BIG PAYCHECK — 


ON ! 
male THIS COUT 


WHICH CAREER INTERESTS YOU 


{_] Commercial Pilot 

|_] Co-Pilot Engineer 
(_] Avionics 

[_| Jet Mechanic 

(_} Link Trainer 

(_] Instrument Mechanic 





Director of Admissions 
Spartan School of Aeronautics 
Municipal Airport e Tulsa, Okla. 


Name 





Address_ 








City Age 


Zone State 
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‘the rest is up to you! ; 


Every time you drive, you are in the quarterback spot . . . completely responsible for every play. Your 
parents and the parents of your passengers rely on you to do a safe, mature job of driving, as do the 
authorities who issued your license. 

But there’s a safe-driving ‘‘team’’ that gives you plenty of up-front blocking help. Automotive designers 
build new safety into each year’s models with features that combine comfort with better control. Traffic 
experts continually strive for new safety patterns. And highway engineers remodel old roads or replace 
them with modern highways to make it easier to drive safely. 

Yes, you have plenty of help, but only you can call the signals that make it work. Simply practice 
maturity, caution, alertness ... and give the other fellow the breaks youw’d like to get. Once you’ve estab- 
lished a dependable driving reputation in this way, you’ll be surprised at how often Dad will be happy to 
part with those car keys! 
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A car is a big responsibility . . . so handle with care! 
Tacmibcas cane canteen cons nine as area BODY BY FISHER GENERAL MOTORS : 



















Two more reasons why 
your best buy is better 
than ever: Every Student Microscope 


should have these features. Most have 
neither... only the Bausch & Lomb 
Standard Teaching Microscope has both: 




















NEW LIFETIME BALL- 
BEARING FOCUS 
The slide floats on ball bear- 
ings to assure perfect smooth- 
ness . .. the most wear-free 
focusing in any student micro- 
scope. 


NEW FORCE-PROOF 
CLUTCH Prevents dam- 


age to fine adjustment mech- 
anism and specimens. 
Students can’t damage 
focusing assembly 

by forcing the 

fine focus knob. 


BAUSCH & LOMB STANDARD TEACHING MICROSCOPE 


You'll get extra years of service from the B&L ST Microscope . . . it’s student-proof 
to stand up under the hardest classroom use. And the ST Microscope is hands down the 
finest instrument in the school budget range. 


It’s standard size, with standard operation pe : 
and laboratory grade optics. BAUSCH & LOMB INCORPORATED 


i 
' 
Made in America, to the world’s highest standard. | 80910 Bausch St., Rochester 2, N.Y. 
Lifetime warranty; service everywhere by qualified | ( Please send Catalog D-1079. 
B&L dealers. Meets C.C.S.S.O. Purchase Guide ; ( I'd like a demonstration of B&L Standard 
Requirements, Nos. 2625, Teaching Microscopes. 
2645, and 2650. Only ! 
$112.50 in lots of 5. BAUSCH & LOMB | 
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seeeseeeeseeeseeeeseessesesesn Industrial Tour Si 
MAKE LEARNING (Continued from page 8-T) 
AND TEACHING .»» FHROUGH a of " refining and lean 3 Sc 
eavily on such experiences as_ the ren 
MORE EFFECTIVE VISUALIZATION ... | showing of films and models to develop | garte 
| an understanding of the science prin- grade 
sseseese8?- Beseseeees | ciples involved. shoul 
Our tours, then, are quite different shoul 
from those conducted by plants where | “€ 
products and manufacturing processes nel, | 
are directly observable. This does not r 
lessen the value of a refinery tour. pepe 
Rather, it bears out Mr. Simmons’ im- in Al 
portant point that careful planning be- scho 
tween science teacher and tour direc- prep 
tor is an absolute necessity. Without Proje 
this planning, students will not be able Univ 
to abstract from the maze of pipes and r 
moving equipment the principles they mad 
are there to study. gran 
Is the class to study hydrogenation? ae 
Saturation of hydrocarbons? Distilla- in ki 
tion? Electromagnetic control devices? -— 
The tour director must know the teach- and 
er’s aim. If he does, he can tailor-make grad 
WITH NEW McGRAW-HILL each tour to suit the teacher's objec- ey 


tives. But, unless he knows, he can do 


SCIENCE FILMSTRIP LIBRARY! tives Nota veStresty “eased fal o 
FREE! VIEWLEX PROJECTOR*($97.50 Value) an i er ae a 











i this is outstanding. We know all teach- den 
Now, a single budget-boosting purchase saves you a full $97.50 and gives your Science pro- ie a ee - re yi pone all tench and 
gram genuine continuity . . . CONTINUITY that can make the difference between entertaining and ers Can bene rom his experiences. “na 


In each McGraw-Hill General Science Filmstrip Library, learning and teaching are linked, step that goes beyond the effectiveness of 
by step, to appropriate, dramatic Visual presentations. Consistent in format and content, they are eslenes team ings—an aspect that I feel 


teaching with filmstrips. | There is an aspect of tour planning 
| 
| 

not mere filmstrip ‘‘collections.” Each filmstrip is a complete lesson prepared by specialists 























backed by vast McGraw-Hill educational research facilities. Yet, every filmstrip is so related to | is most important. It is the impression ; 
the others that it may be used in a flexible order determined by individual class needs without | that teacher and class leave with indus- cat 
“ac, ao, sci tiniiiadiin sali ae a trial men and women. nat 
ith either of the recommended “libraries” below . . . or your own selection of comparable iia ax adieu Ser ak ciat 
value — you receive the most widely used combination filmstrip-slide projector in the visual I was a classroom junior high school P 
education field, the famous Viewlex V-25-P* —_ ae for ten years. My heart ~ 
is still with the profession. ile my 101 
EACH FILMSTRIP LIBRARY QUALIFIES FOR PURCHASE UNDER NDEA. ic algo Bh 2 ote ; Pavan ~ oe 
s nterpret industry to ‘ 
McGRAW-HILL GENERAL SCIENCE FILMSTRIP LIBRARY I dust 
teachers, I feel an equal obligation to 0 
_ SELECTION “A” ; Bao pon rae interpret teaching and education to my Fit: 
aan “<= 7 saeiend High cn aoe asad industrial colleagues. Teachers going on dire 
EARTH. ano sKy ‘SERIES—sets ‘ & 2 — $ 50.00 CHEMISTRY SERIES—Sets 1, 2, 3, 4, 4 . $172.50 er hea consider this fact. A teacher * 
10 full-length filmstrips designed to give ull-leng ilmstrips designe 0 an -r class re 2ce Q _ ' 
an understanding and appreciation of our teach basic theories, hypotheses, laws _ P ver Class represent all schools to f 
physical world, and concepts of chemistry. the industry people met on a tour. The 0 
GENERAL SCIENCE SERIES—Sets 1, 2 & 3. 108.50 g ar j thie , , om Ta . enc 
Be tat an” Siattsing’ trating ‘with Ee | manner in which you approach a tour 
basic scientific principles and processes. Sastre AOL ee | as a professional worker will be a re- Ne 
INTRODUCTORY PHYSIOLOGY SERIES an Se Se ee ee ;, A ap Fr 
® fettlongin Simetrigs exptsining aalare, explaining basic study units in physics flection on the whole profession. It can ri 
function and care of human body. be good or it can be bad. enc 
HUMAN BIOLOGY SERIES—Sets 1 & 2.......... 60.00 i i : : ; 
10 full-length filmstrips presenting de- Regular List Price $261.50 When the tour aims and purposes are Co 
onl study of important aspects of clearly defined, it reinforces the im- Bir 
Regular List Price $268.00 pression that teachers are a professional tio 
serene group. Industry people talk to each other vill 
| McGraw-Hill Book Company, Inc., 330 West 42nd Street, New York 26, N. Y. ; and their neighbors. Their impression El 
1 Please one the followings sed sae diate ' of teachers may come from a single con- fic 
omplete Filmstrip Library (Selection A) @ .00. ‘ nee : 4 one ; . St an 
' Complete Filmstrip Library (Selection B) @ $261.50. ! | tact on a tour. Teachers must remem- nN 
Tan Pause COMBINA- 1 Order includes 1 free Viewlex V-25-P Projector for each library purchased. 4 | ber that industry looks at them and at ave 
eeteRe nth cor 1 Cl Send catalog of all science filmstrips for custom selection. ! | our schools through them. If you do a Ce 
NE MEME ENE 6 OHRMMEDUION, «0 2006000c0scscsevsscorcseevtsseceereonsgeneneeseceesoseoess ' fessional i , tudents wi 
ogg i By dR : profe ssional job, your stude nts will 
ONIN 6 o5.5 cic dins cu 5500s+saeonebaesvoneenesedanssaekessuoosesienscessioseeess’ ! learn science. But even more important, Sc 
filmstrip, vertical or horizon- 1 ' , 4 : C 
- preecee, EIN /.-, Saal t nh hs Sad rad cdauvnedeadwuman cents Cexseete 1 you will strengthen the bonds in your A 
shoes, Kon url Cooling and Se ie mae 2. ee State community between industry and edu- PI 
lex Features. i 
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Science Manpower 
Project 


Science education for American chil- 
dren and youth must begin in kinder- 
garten and continue through the twelfth 
grade, and instruction at every level 
should be closely related. The public 
should not expect “educational mira- 
cles” without adequate teaching person- 
nel, facilities, and equipment. 

These are among the conclusions in a 
report on improving science education 
in American elementary and secondary 
schools. The 219-page document was 
prepared by the Science Manpower 
Project of Teachers College, Columbia 
University, New York City. 

The report urges that science be 
made a “fourth R” in the early pro- 
gram of general or liberal education. 
Instruction in the subject should begin 
in kindergarten, and must be given the 
same importance as reading, writing, 
and arithmetic in the six elementary 
grades. For the junior high school, a 
three-year program in general science 
for all students is recommended. 

In the senior high school, science 
should be designed for three groups of 
students: those who will complete their 
education with high school; an aca- 
demic group who will go on to college; 
and a special academic group with 
“marked science interest and aptitudes.” 


Science Educators Report 
The report, “Policies for Science Edu- 
cation,” was prepared by a group of the 
nation’s leading science educators asso- 
ciated with the Science Manpower 
Project. They worked under the direc- 
tion of Prof. Frederick I. Fitzpatrick, 


head of the Department of the Teaching | 


of Science at Teachers College. Prof. 
Fitzpatrick is editor of the report and 
director of the Science Manpower 
Project. 

Besides Prof. Fitzpatrick, the authors 
of the report are Alfred D. Beck, Sci- 
ence Supervisor for Junior High Schools, 
New York City Board of Education; 
Francis J. Bernard, Director of the Sci- 
ence Teacher Training Program, Iona 
College, New Rochelle, N. Y.; N. Eldred 
Bingham, Professor of Science Educa- 
tion, University of Florida at Gaines- 
ville; Paul Blackwood, Specialist for 
Elementary Science, United States Of- 
fice of Education; Hubert M. Evans 
and Willard J. Jacobson, Professors of 
Natural Sciences at Teachers College, 
Columbia. 

Also, John G. Navarra, head of the 
Science Department, Jersey City State 
College; Robert Stollberg, Professor of 
Physical Science, San Francisco State 

(Continued on page 13-T) 
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HIGHLY RECOMMENDED for Junior High and Senior High Schools 


In a few short years, the science books of Irving Adier have become some 
of the most widely used supplementary science texts by teachers, school 
systems, and boards of education across the country. Never ‘written 
down" to the reader, the Adler science books are up-to-the-minute, 
accurate and compact, and have a fine format with good print and strong 
binding. The Adler science books will fit into your curriculum. Try them. 


We'll be glad to send on-approval examination copies of any you care 
to inspect. Simply use the coupon below. 


1. DUST. The story of dust, from sunlit 

specks to cosmic particles, and of how it 

affects the health and work of people. 
Index. 128 pp. $3.00 


2. FIRE IN YOUR LIFE. The threat of fire 
leads to fascinating information about the 
advance of civilization; the nature of fire; 
plants and rust; metals, glass-blowing, en- 
gines and fuels; conservation and solar 
energy. Index. 128 pp. $3.00 


3. HOT AND COLD. The story of tempera- 
ture, from absolute zero to the heat of the 
sun. Photographs. Index. 128 pp. $3.00 


4. HOW LIFE BEGAN. Preface by Dr. Linus 
Pauling. An explanation of how life began 
on earth, written for readers with no prior 
knowledge of biology, chemistry, or geol- 
ogy, yet encompassing the fundamentals of 
those sciences. Index. 128 pp. $3.00 


5. MAGIC HOUSE OF NUMBERS. Curiosi- 
ties, riddles, tricks, and games which make 
a pleasure of mathematics while showing 
the bosic why's and how's of our number 
system. Index. 128 pp. $3.00 


6. MAN-MADE MOONS: The Earth Satel- 
lites and What They Will Tell Us. ‘Whereas 
other books have tended to concentrate on 
the mechanism and launching of satellites, 
this timely book . . . treats thoroughly the 
types of information which may be relayed 
to us.""— Library Journal. 128 pp. $3.00 


7. MONKEY BUSINESS. Hooxes in the 
Name of Science. A fascinating and often 
humorous retelling of hoaxes such as the 
Piltdown Man, ‘‘Moonshine from the Sun," 
man-made diamonds. 128 pp. $3.00 


8. THE NEW MATHEMATICS. Modern 
mathematics explained for anyone who 
has had elementary algebra and plane 
geometry. ‘Fine contribution for better un- 
derstanding of the reform in mathematics 
education.""—HOWARD E. FEHR, Past Presi- 


TITIIIIIII 
THE JOHN DAY COMPANY, 210 Madison Ave., N. Y. 16, N, Y. 


[] Please send examination copies of the fol- 
lowing Adler Science Books on approval: 


[] Please send Science Circular 


1 2 3 4 5 6 7 8 9 


dent, National Council of Teachers of Math- 
ematics. Diagrams. Index. 256 pp. $3.75. 
Do-It-Yourself supplement of exercises, $.25 


9. SEEING THE EARTH FROM SPACE. A 
complete report, gathered from all avail- 
able scientific sources, including Russian, of 
what man is learning now that he is able 
to see the earth from space through the 
eyes of artificial satellites. 

Index. 160 pp. $3.50 
10. THE STARS: Stepping Stones into 
Space. A clear explanation of the stars: 
their age, their substance, their distance 
and motion, etc. Index. 128 pp. $3.00 


11, THE SUN and its Family. A companion 
volume to The Stars. ‘Accurate, compact 
and useful . . . Recommended.” 
— Library Journal. Index. 128 pp. $3.00 
12 TIME IN YOUR LIFE. A fascinating dis- 
cussion of time through stars and planets; 
rocks and rivers; the calendar; clocks and 
watches; rhythms of the universe; music, etc. 
Index. 128 pp. $3.00 


13. THE TOOLS OF SCIENCE: From Yard- 
stick to Cyclotron. How man observes, 
measures, analyzes, and changes his uni- 
verse through instruments that measure, 
weigh, listen, break, sift, mix, heat and 
freeze things. Index. 128 pp. $3.00 


14. TOOLS IN YOUR LIFE. The origin, evo- 
lution, and use of man's tools from the 
Stone Age to the present. 128 pp. $3.00 


15. WEATHER IN YOUR LIFE. How we 
study, forecast, outwit, and even change 
the weather. Index. 128 pp. $3.00 


16. THINKING MACHINES: A Layman's 
Guide to Logic, Boolean Algebra, and Com- 
puters. To be published in February, 1961. 

Index. 192 pp. $3.75 


> Annotated and graded list of Science 
FREE: Books from John Day. 


10 11 12 13 14 15 16 
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High Vacuum Pump 


For less than $10, physics, chemistry, 
and advanced biology teachers can con- 
struct a vacuum pump that produces 
pressures of the order of 10°*mm Hg. 
The apparatus was invented by two 
scientists of the General Atomics Divi- 
sion of the General Dynamics Corpora- 
tion. The pump is called an “ice pump- 
ing system.” Its inventors are not at all 
sure why it works. But work it does— 
and the device has produced pressures 
as low as 2 & 10°°mm Hg. 

The materials required are a water 
faucet aspirator of the type used to 
pump cellar sumps and washing ma- 
chines, a pair of stopcocks, vacuum 
tubing, a double walled nitrogen trap 
($5.00), a U-tube. (See diagram.) 

To start the pumping sequence, put 
5 milliliters of water into the U-tube. 
Open all stopcocks and turn on the 
water. The aspiration by water will par- 
tially evacuate the vacuum chamber. 
When the water in the U-tube stops 
bubbling, this part of the cycle has pro- 
ceeded as far as it can. 

Now, isolate the aspirator by closing 
the stopcock on the water side of the 
apparatus. At this point, liquid air is 
poured into the cold trap and the 
vacuum gauge is read until the desired 
pressure is reached. At that time, the 








stopcock on the chamber side is closed. 

Why the system works is not fully 
understood. However, at least two phe- 
nomena are believed to be involved. 
The first is the trapping of air mole- 
cules by condensation of water vapor. 






In the second action, air may be 
pumped by a surface of stationary frost, 
This may involve an equilibrium con- 
dition. After the water vapor was taken 
out by freezing, the pressure slowly 
crept upward unless the ice was _ iso- 


This is a very rapid pumping action. lated from the rest of the system. 










Bell jar 





Water valve Liquified gas 









Water aspirator 





\ 
l Water 





Stopcock Stopcock 


a, U-tube 






Vacuum gage 






Cold trap 








General Dynamics Corporation 
Two research scientists of the General Dynamics Corporation have invented a vacuum 
pump that produces pressures as low as 10-2mm Hg. As shown cbhove, pump may be 
assembled for a few dollars. It should be useful for demonstrations, student research. 





Price 
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e HIGH SCHOOL PHYSICS @ GENERAL SCIENCE 
e SCIENCE CLUBS 


Developed for student use to show presence, polarity and 
quantity of electric charge ... Performs unusually well in high 
humidity ... Has good sensitivity and a large deflection . . . Can 
be used in demonstrations of charge sharing, ionization and the 
photoelectric effect. 


-- Approved by Educational Services Incor- 


porated for PSSC high school physics program. 


- - Designed by physicists, high school teachers 
and manufacturing specialists on the Physical - 
Science Study Committee. 

M8) 
- - Field tested by 650 teachers with 35,000 high “= 
school students. $ 


- - Revised and refined over 3 year period. 


36 pith balls and 
graphite coating ma- 
terial; 50 fine nylon 


Accessory Electro- 
statics Kit (for full 


Electroscope Kit: 
container, mount, 
sensitive element, in- 
sulators, and plate — 











class): 36 plastic 
strips and 12 cloths suspensions; and 24 
for both polarities; insulators — 


$9.50 
AMERICAN SCIENCE PRODUCTS, INC., 
MACALASTER BICKNELL COMPANY 


253 NORFOLK ST., CAMBRIDGE 39, MASS. 





$7.20 





- - Correlated with other PSSC materials including 
Text, Lab Guide, and Teachers’ Guide, published by 
D. C. Heath and Company, Boston, Mass., and 
films distributed by Modern Learning Aids, div. of 
Modern Talking Picture Service, N. Y., N. Y. 


design consultants 


Send for catalog of PSSC apparatus and 
standard laboratory supplies 
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MANPOWER 


(Continued from page 11-T) 


College; Harold Tannenbaum, Profes- 
sor of Education, New Paltz (N. Y.) 
State Teachers College; John Urban, 
head of the Science Department at the 
Buffalo (N. Y.) State College of Edu- 
cation; Fletcher Watson, Professor of 
Education, Harvard University; and 
Leonard Winier, Professor of Biology, 
lowa State Teachers College. 

The Science Manpower Project was 
organized four years ago to help im- 
prove the teaching of science in the 
nation’s schools. It is supported largely 
by a group of leading American indus- 
tries and foundations. 

The policy study was prepared mainly 
for superintendents of schools, boards 
of education, supervisors, and teachers 
as they work to improve science pro- 
grams within schools. 

Background information for the re- 
port’s findings and conclusions was ob- 
tained from 60 colleges and universities 
associated with the Science Manpower 
Project. 

The report makes recommendations 
for science education at every grade 
level and for teacher education, includ- 
ing development of school policies, 
courses of study, methods of instruction, 
facilities for teaching science, adminis- 
tration, and public relations. 


Science for Laymen 

Science education today, the report 
points out, must serve the layman as 
well as the future scientist. The recom- 
mended science program for the ele- 
mentary school recognizes that science 
must become a “fourth R” in the early 
program of general or liberal education. 

The report charges that the place of 
science in the present over-all curricu- 
lum of the schools has been “short- 
changed” in favor of older subjects, 
“which enjoy the benefits of being there 
first.” 

It places responsibility of good or 
bad science programs on the community 
as a whole as well as on school adminis- 
trators and teachers. It calls on commu- 
nities to oppose pressure of parents to 
establish “easier” programs for their 
children or to seek special concessions 
or treatment. 

It also warns the public not to expect 
“educational miracles” in the absence 
of adequate instructional personnel, fa- 
cilities, and equipment, since “we gen- 
erally get about what we pay for.” 

The report stresses the importance of 
upgrading all related school activities 
and strengthening the teaching of sub- 
jects other than science, for by its very 

(Please turn page) 
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Reviewers acclaim 
the 1960 edition of 


Namowitz and Stone’s 


EARTH SCIENCE 


THE WORLD WE LIVE IN 





| “This copiously and beautifully illustrated text for students of earth 
science is now in its second edition. Ten major improvements have been 
made, from bringing the latest scientific information available into the 
discussion and descriptions, some based upon findings made during the 
International Geophysical Year, to additional illustrations.” New York 
State Education 


“The 614 pages are packed with factual data, accompanied by 
excellent photos, sketches and drawings on almost every page, 
and these alone will convey a considerable amount of fasci- 
nating information.” The Mineralogist 





“This is one of the best, if not the best, book on the over-all story of the 
earth that we have seen and could make a wonderful introduction to 
these sciences for every rock-hound. . . . If you want a complete, yet 
easy to read book that will tell you about all phases of the earth, its 
rocks and its environment, this is it.” Gems & Minerals 


“This excellent introductory text will stimulate many students to 
engage in further study. The authors have rendered a note- 
worthy service to education at the secondary level.” Earth 
Science 


A Revolutionary New Two Year Text 
For Combined Physics-Chemistry Courses 
PHYSICS AND CHEMISTRY— 


A UNIFIED APPROACH 
by Hogg, Bickel, and Little 





This two-volume text, extensively tested over a period of several years, 
effectively integrates physics and chemistry. The two-year combined 
course takes advantage of the underlying unity of these two sciences, 
leading students to a far more thorough knowledge and understanding 
of physics and chemistry than they could obtain from the conventional 
separate course. 

The use of the graded approach in developing concepts is unique. A 
significant concept is developed by stages—-when first introduced, it is 
given immediate application; later, the authors return to the concept, 
apply it in a different way and expand upon it. 


Bock One—September, 1960 
Book Two-—Spring, 1961 


D. VAN NOSTRAND COMPANY, INC. 


120 Alexander Street Princeton, New Jersey 
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‘Portable Laboratories’’ for the Classroom} | 


How to dramatize 
basic concepts 
of mathematics 


Hard-to-grasp mathematical principles are 
vividly demonstrated with the absorbing new 
SPACE SPIDER PROFESSIONAL KIT. 
How straight lines generate curved surfaces, 
the rectangular co-ordinate system, and many 
more basic theorems, concepts and formulae 
become easily understandable when students 
construct actual geometric models. No gluing. 
Award-winning SPACE SPIDER PROFES- 
SIONAL KIT includes 18 notched and per- 
forated planes easily assembled into six space 
“corners”; 18 spools of elastic cord in fluores- 
cent colors (enough for 60 projects); special 
needle, clips, instruction books. List $12.95 
(quantity discounts for schools). For com- 
plete catalog of PORTABLE LABORA- 
TORY teaching aids, write Science Materials 
Center, 59 Fourth Ave., New York 3, N. Y.. 
Dept. M-152. 


SCIENCE MATERIALS CENTER 


a division of The Library of Science 





| FOUR AIDS FOR 
TEACHING SCIENCE 


IN THE 
ELEMENTARY GRADES 





























These four Warp REVIEW-WORK- 
BOOKS—one for each grade, 5 to 
8—cover the fast-growing fields of 
science with clear and concise ex- 
planations. Warp’s famous 5-Point 
Method fixes important facts in 
our pupil’s minds. Science classes 
ecome more interesting for you 
and your children as they grow 
more aware of the world about 
them. 


Try Warp‘s SCIENCE REVIEW- 
WORKBOOKS for 10 days at no 
obligation. When you are fully 
satisfied with results, your school 
is billed at the low price of 50¢ a 
copy in quantities of 100 or more. 
Write to: 


WARP PUBLISHING COMPANY | 


Dept. 2 Minden, Nebraska 

















nature, the report observes, the science 
program “cannot stand alone.” 

A block to stronger science programs 
in elementary schools is the limited sci- 
ence education of the classroom teachers 
who usually teach the subject. In many 
institutions prospective teachers are re- 
quired to take twelve semester hours of 
science. Often, however, there is a lim- 
ited amount of laboratory work and 
opportunity to learn to use the simple 
equipment of elementary science. 

“Ambitious” in-service training pro- 
grams and improved pre-service pro- 
grams are needed “if we are to have 
the elementary science program our 
children need and deserve,” the report 
stresses. 


Depth for Jr. High 

The general science program in the 
junior high school should be built upon 
the science experiences children have 
had in the elementary school. It is rec- 
ommended that junior high school stu- 
dents study fewer areas of science each 
year but these areas should be studied 
in greater depth. 

A three-year general science program 
dealing, in depth, with physical, bio- 
logical, and earth-in-space sciences is 
suggested. 

Although more students take general 
science than any other course, the report 
notes unwillingness of many communi- 
ties to finance a good general science 
program for junior highs involving, 
among other things, general science 
classroom laboratories where students 
can work with science materials and 
equipment, more good teachers, and 
smaller classes. These are essential so 
that “... students will emerge with a 
growing knowledge of the scientific 
enterprise far superior to that possessed 
by their counterparts of a generation 
ago.” 

Recommended for senior high schools 
are a “mandated” or required course in 
physical science for those not going to 
college, and a required course in physics 
or chemistry for college-bound students 
not professionally interested in science. 

Emphasis on “mandated” science 
courses indicates a definite swing from 
the present “lax” elective system of 
secondary schools. Science and mathe- 
matics are too important in today’s 
world to leave their selection entirely to 
the discretion or whim of young peo- 
ple, the authors of the report believe. 

The report does not agree with critics 
charging that lack of subject-matter 
background by high school science 
teachers is the only factor contributing 
to unsatisfactory science programs. 

The problem is not only one of cer- 
tification requirements in subjects, but 
of obtaining “an adequate corps of su- 


perior teachers who really meet the 
requirements.” 

To improve science-teacher training, 
the report recommends 24 semester 
hours of college science courses, with 
laboratory work, as minimum _prepa- 
ration in science for elementary school 
teachers, and a minimum of 52 hours 
of course work in science and approxi- 
mately 18 hours of training in profes- 
sional education courses for prospec- 
tive secondary-school science teachers, 

In constructing science courses, 
schoo] systems should not only elimi- 
nate repetitive material but avoid the 
“general review” type of teaching topics 
designed for study at more mature 
levels. 

In addition, course content must in- 
clude new and important advances in 
scientific knowledge; it must emphasize 
understanding of basic theories and 
principles. Attempts to “deal briefly” 
with all phases of science in a single 
course should be avoided, and provision 
should be made for gifted students and 
those who take to science more slowly. 


Teachers Lack Time 

Science instruction often suffers be- 
cause of faulty teacher assignments and 
scheduling, the report noted. 

“The fact is, many science teachers 
do not have enough time, in or out of 
school, to do a superior job. Too many 
teach five or six periods a day, have 
additional school assignments including 
supervision of extracurricular activities, 
and are burdened with an undue amount 
of largely unnecessary administrative 
paper work,” the report disclosed. 

Administrators often “ignore or dis- 
count heavily” the time it takes to set 
up and take down demonstration equip- 
ment and materials and time for labora- 
tory work. 

In-service training, designed largely 
to increase knowledge of subject mat- 
ter, should not be limited to organized 
instruction. Membership in professional 
societies, attendance at professional 
meetings and local workshops, and even 
occasional individual scientific research 
should also be encouraged. 


PINHOLE CAMERA 


“How to Make and Use a Pinhole 
Camera” provides easy-to-follow instruc- 
tions. From the list of suggested mate- 
rials for the camera, which includes a 
one-pound coffee can, to the brief bibli- 
ography, the pamphlet offers step-by- 
step directions for teachers or youth 
group leaders. 

“How to Make and Use a Pinhole 
Camera,” Kodak Pamphlet No. T-38, is 
available upon request from Eastman 
Kodak Company, Rochester 4, N. Y. 
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PERLITE SAMPLES 


Perlite is finding increasing use among 
teachers and students in classroom and 
home science experiments, chemistry, 
and “grow-it-yourself” projects. 

The advantages of this volcanic rock 
are: (1) lightweight and easily trans- 
portable, (2) white in color and fluffy, 
(3) can be used under any interior or 
exterior light and heat conditions, (4) 
in no way harms the skin of people 
working with it. 

Specific uses of perlite in the class- 
room and home are: (1) growing of 
plants without soil, (2) experiments in 
hvdrophytic growth, (3) mixing the 
material with plaster and other model- 
ing agents for art work uses, (4) experi- 
menting with the ash as a chemical fil- 
tering agent, thermo experiments, etc. 

The Perlite Institute (the organiza- 
tion representing the miners of the ore, 
manufacturers of the finished product, 
and national distributors) is providing 
a special service to teachers and _ stu- 
dents wishing to use this multi-purpose 
product. 

Two sizes are being made available, 
tree of charge, for classroom use, and 
for individual student use at home. 





your students will 
get more out of their 
study time 


HOW TO STUDY AND 


TAKE EXAMS 


by Lincoln Pettit, Ph.D. 





This book by a man who has drawn 
upon his many years of teaching is 
a most practical one and is an in- 
valuable aid to all persons who are 
in the process of learning: high 
school and college students, students 
in training courses for individual 
firms and industries, teachers re- 
newing their certificates, and many 
others. It presents a rationale of 
learning as well as specific guides 
and information which will enable 
the student to make the most of 
every minute of his study time and 
of the overall educational process. 
#274, $1.00. 


Send for examination copies on 30- 
day approval. At end of 30 days you 
can either remit price of the book 
or return it without cost. 


SCHOOL DISCOUNTS APPLY 


rt JOHN F. RIDER, PUBLISHER, INC. 
116 West 14th Street, New York 11, N. Y 
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Teachers may take individual requests 
from students and mail a master list 
and receive a bulk shipment of indi- 
vidual packages. Provide the Institute 
with addresses of individual students 
for personal delivery at their homes, or 
request the classroom size package. 

In every instance, complete instruc- 
tions—written on a level the students 
will understand—and uses of the product 
will be provided free. There is no mini- 
mum order (either for classroom or in- 
dividuals). All materials will be mailed 
directly to students or teachers from 
the nearest U. S. manufacturer. 

Requests may be directed to: 

School Service Program 
The Perlite Institute 
45 West 45th Street 
New York 36, N. Y. 


Science Youth Month 


With October being celebrated all 
over the nation as Science Youth Month, 
your science club has the chance of the 
year to capture the interest and cooper- 
ation of professional experts, organiza- 
tions, and industries in your commu- 
nity. 

This is the time to hold a “project 
night,” for example, inviting top scien- 
tists and educators to form a panel to 
suggest stimulating new ideas for proj- 
ects and answer technical questions 
brought up by club members. You might 
feature some of last year’s best exhibi- 
tors demonstrating their projects and 
offering pointers on exhibit techniques. 

Offer to present a science program 
at the October P. T. A. meeting—and 
make it a good one that will stir up sus- 
tained interest in what your club is do- 
ing. Also offer to send club representa- 
tives to civic club meetings to talk about 
the value and far-reaching effects of 
science club and science fair experi- 
ences. Ask industrial laboratories in 
your area to schedule special October 
tours for your club members and other 
interested students. 

Some 34 national agencies and organ- 
izations are supporting National Science 
Youth Month as part of their activities, 
designed to help you. These organiza- 
tions conduct a great variety of pro- 
grams and services for individual stu- 
dents, science clubs, and science fairs. 

A leaflet (free on request from Sci- 
ence Service, 1719 N Street, N. W., 
Washington 6, D. C.) has been pro- 
duced by Science Service, which coor- 
dinates National Science Youth Month. 

Be sure all members of your club are 
aware of the unusual opportunities be- 
ing made available to them for infor- 
mation, scholarships, career advice, ex- 
perience, trips, and many other aids to 
potential scientists. 





The 
_ EMPHASIS 
is on 
SCIENCE! 


SATURDAY 
SCIENCE 


by Scientists of the Westinghouse 


Research Laboratories; Edited by 
Andrew Bluemle; Foreword by 
Clarence Zener, Director 


The physical world takes on a dynamic new 
dimension as 15 scientists project their critical 
understandings of definitions and implications 
of current research. In 2 sections: Principles 
(those observations that have become, and 
are becoming, physical laws) Techniques (the 
methods and machinery used by modern 
scientists). Harry Milgrom, Supervisor of 
Science, N.Y.C. Elementary Schools, says: 
“... the reader becomes aware of a deepen- 
ing of his understanding of the scientific 
endeavor . . . SATURDAY SCIENCE should 
appeal to a wide audience of science-minded 
readers.” 140 photos, charts, diagrams. 
Ages 16 up. $5.95 


(Send for detailed free circular) 


THE SPACE 
ENCYCLOPAEDIA 


by Sir Harold Spencer Jones et al 


NEW, REV. ED. “It is a rare experience to 
come across a simply compiled encyclopaedia 
which gives a concise description of all phases 
of astronomy, guided missiles and upper 
atmospheric research. The usefulness of this 
book cannot be overemphasized . . . not until 
(THE SPACE ENCYCLOPAEDIA) has there 
been one important reference work able to 
explain all phases of the new age—the space 
age.”’—LIBRARY JOURNAL. Over 300 illus. 
(8 pp. in full color), maps, charts, diagrams. 
$8.95 


CAREERS AND 
OPPORTUNITIES 
IN SCIENCE 


CAREERS AND 
OPPORTUNITIES 
IN CHEMISTRY 


YOUR CAREER IN PHYSICS! 
by Philip Pollack 


The only books providing up-to-the-minute 
data on job requirements and recent devel- 
opments in all fields of science. Mr. Pollack’s 
works are not only extremely informative for 
all considering careers in science, but fascinat- 
ing in their comprehensive studies of history 
and accounts of discoveries. All are thorough- 
ly illustrated and contain extensive reference 
material. 
SCIENCE: $3.95; CHEMISTRY: $3.50; 
PHYSICS: $2.95 
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Blue or White Line 


\ Vf DOBRR GLASS COMPANY 
Vineland, N.Jd. 











